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© Organic thiosulphates and thiosulphonates useful as stabilising agents for rubber vulcanisates. 



Additives for rubber compositions, giving vulcanisates 
having improved retention of optimum physical properties, 
are compounds containing two or more groups of the 
formula — S-S0 2 R linked by an organic bridging group, or 
polymers containing two or more groups of the formula 
— S— S0 2 R attached to an organic polymer chain, where R 
represents (a) a radical OM where M is a monovalent metal, 
the equivalent of a multivalent metal, a monovalent ion 
derived by the addition of a proton to a nitrogenous base, or 
the equivalent of a multivalent ion derived by the addition of 
two or more protons to a nitrogenous base, or (b) an organic 
radical selected from aliphatic, cycloaliphatic, aromatic and 
heterocyclic radicals, and radicals which are combinations of 
any two or more such radicals. 
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ORGANIC THIOSULPHATES AND THIQSULPHONATES 
USEFUL AS STABILISING AGENTS FOR RUBBER VULCANISATES 

This invention relates to rubber vulcanisates 
having improved physical properties. 

The process of vulcanising diene rubbers by 
heating with sulphur and a vulcanisation accelerator has- 
5 been known for many years. By this process vulcanisates 
having certain physical properties, for instance tensile 
strength, resilience and fatigue resistance at a high 
level can be obtained, but such vulcanisates tend not 
. to have good ageing properties. Apart from the addition 
10 o¥ antioxidants which will retard oxidative heat ageing, 
other methods which have been proposed for making vulcan- 
isates having improved ageing properties include the use 
of lower proportions of sulphur and increased proportions 
of accelerator relative to those which would be employed 
15 for a conventional cure, and the partial or complete 
replacement of sulphur by other cross-linking agents. 
Examples of such cross-linking agents include amine 
disulphides,. for example 

N,N'-dithiodimorpholine, bi s (sul phenamides ) as described 
20 in GB Patent Specification 1,409,953 and U.S. Patent 
Specification 3,847,880, and compounds comprising two 
or more accelerator groupings linked through an organic 
bridging group as described in G8 Patent Specification 
1,388,279. 

25 Vulcanisates made using such alternative systems 

tend, however, to lack certain of the merits of a sulphur- 
cured • vulcanisate. For example, lowering the ratio of 
sulphur to accelerator or replacing the sulphur partially 
or completely by an amine disulphide, gives vulcanisates 

30 having inferior dynamic properties. The use of the 

aforementioned bi s ( sul phenamides ) and compounds containing 
two or more accelerator groupings means that molecular 
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species having accelerator activity as well as those 
having cross-linking activity are rel eased' i nto the 
vulcanising system, so that the freedom for variations 
in compounding, which is possible when the cross-linking 
5 agent and the accelerator are added as separate entities, 
is lost. 

According to the present , i nventi on we have found 
that vulcanisates having improved properties can be 
obtained by adding certain materials in addition to sulphur 

10 and a vulcanisation accelerator during the compounding of 
diene rubbers. These. materi al s have the effect of 
stabilising the properties of the vulcanisate if the 
temperature of the vulcanisate unavoidably remains high 
for a prolonged period after cure, and during the service 

15 life of the" vul cani sate, and are herein* referred to as 
stabiliser materials. 

The invention provides a vulcanisable rubber 
composition comprising a diene rubber, sulphur and a 
vulcanisation accelerator, characterised in that the 

20 composition also comprises a stabiliser material contain- 
ing two or more groups of the formula 

-S-S0 2 R 

i 

i 

where R represents (a) a radical -0M where M is a . 
monovalent metal , the equivalent of a multivalent metal, 

25 a monovalent ion derived by the addition of a 
proton to a nitrogenous base or the equivalent of a 
multivalent ion derived by the addition of two or more 
protons to. a nitrogenous base, or (b) an organic radical 
selected from aliphatic, cycl oal iphati c , aromatic and 

30 heterocyclic radicals, and radicals which are combinations 
of any two or more such radicals, the groups of the afore- 
said formula being linked by an organic bridging group or 
attached to an organic polymer chain. The groups are 
thus thiosulphate groups -S-S0 ? 0M or thiolsul phonate groups 
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-S-S0 2 R in which R is an aforesaid organic radical. 

The invention also includes a vulcanisate that 
has been obtained by heating a vul cani sabl e. rubber com- 
position of the invention at vulcanisation temperature. 
5 U.S.' Patent 3,535*249 discloses antioxidant compositions 
for polymers comprising (a) at least one phenolic 
antioxidant (b) at least one neutralizer that will 
neutralize the effect of heavy metal ions and ( c) at 
least one reducing agent. In such compositions the 
10 reducing agent can be an organic or inorganic thiosulphate, 
for example sodium benzyl thiosulphate or sodium thiosulph- 
ate. v 

According to U.S. Patent 3,732,192, thi osul phonates 
.of the formula R-S^SOgR 1 where R and R 1 are organi c^ radi - 
15 cals, for instance aryl , al kyl , cycl oal kyl radicals and 

substituted derivatives thereof, are* useful in controlling 
the prevulcanization of vul cani sable di ene rubber formu- 
lations containing antiozonant and vulcanisation 
accel erator. 

20 In contrast to this prior art, an essential 

feature of the stabiliser materials used in 
the present invention is that they contain at least 
two thiosulphate or thiol sul phonate groups. The type 
of stabilisation, for example reversion resistance, which 

25 is conferred on vulcanisates by the stabiliser materials 
of the present invention and which is attributable to 
their di- or poly-functionality, is not shown by the 
mono - thiosulphates and mono - thi osul phonates of the prior 
art. 

30 Preferred stabiliser materials are compounds in 

which the thiosulphate or thiol sul phonate groups are each 
linked to a primary carbon atom of ' the bridging group, 
and polymers in which the thiosulphate or thi ol su lphonate 
groups are linked to primary carbon atoms in side chains 
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attached to the main polymer chain. The thiosulphate or 
thiolsulphonate groups therefore usually occur in the form 
-CH 2 rS-S0 2 R. 

5 Most materials useful as vulcanisate stabil isers 

in accordance with the invention are new, and .a further 
aspect of the invention is a material containing two. or 
more groups of the formula 

^S-S0 3 M % 

10 v/here M represents a monovalent metal or the equivalent 
of a multivalent metal * a monovalent ion derived by the 
addition of a proton to a nitrogenous base, or the equiva- 
lent of a multivalent ion derived by the addition of two 
or more protons to a nitrogenous base» the material being 

15 a compound in which the said groups are linked by an 
organic bridging group, or a polymer in which the said 
groups are attached to an organic polymer chain; provided 
that when the material is a compound having the formula 

M0 3 S-S-X f -S-S0 3 M 

20 and X represents a radical ~( CH 2 ^x~ where x * s an integer 

having a value from 2 to 7 inclusive^ 10 or 12> a radical* 
. ' -CH 2 -CH=CH-CH 2 - S a radical -CH 2 C0CH 2 - 9 a radical 

-CH 2 CH 2 QCH 2 CH 2 -, a radical -CH 2 CH 2 S0 2 CH 2 CH 2 or a radical 

- (CH 2 ) n C g H 4 (CH 2 ) n - where n has a value from 1 to 3 and 
25 C fi K 4 is para-phenyl ene 3 M is not sodium; and provided 

that when X represents a radical -(CH 2 )j M is not 

S-benzyl i sothiouronium . 

Stabilisers which are compounds containing 

groups of the formula -S-SOgR linked by an organic 
3 Q bridging group normally contain two, three or four groups 

-S-S0 2 R. Illustrative of such compounds are those having 

the formula 

x[-(CH 2 ) n .CH 2 -S-S0 2 R] n „ 
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where n 1 has an integral value of at least 1, n" has 
the value 2, 3 or 4 and X represents the remainder of 
the bridging group. 

In compounds having two groups 

-S-S0 2 R, . 

the bridging group is divalent, and such compounds can 
be represented by the formula 



R0 2 S-S-X , -S-S0 2 R 
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In this formula X'can be, for example, a straight- or 
branched-chai n alkylene or alkenylene group, preferably 
one containing 2 or from 5 to 40 carbon atoms, and. 

more preferably one containing 5 to 16 carbon atoms. 
5 Examples of such groups are ethylene, pentamethylene, 

hexamethylene, octamethyl ene , nonamethyl ene , decamethyl ene , 
dodecamethyl ene, 3-methyl -1 ,5-pentyl ene and l,6-hex-2- 
enylene. As a variant, a divalent bridging group may be r 
an alkylene or alkenylene group having one or more aryl , 
10 for example phenyl, subs tituents. An example of such a 
radical is 2-phenyl -1 ,4-butyl ene. 

In other i nstances , X 1 has a structure comprising 
two or more alkylene units, pairs of such units being 
linked through an oxygen or sulphur atom, through a group 
-S0 2 -, -NH-, -NH 2 + -, -N(C 1-6 alkyl }- or -C00-, or through 
an arylene or cycl oal kyl ene radical. Representative of 
such structures are those of the formulae 



15 



.(CH 2 ) a -0-(CH 2 ) a - 
-(CH 2 ) a -0-CH 2 -0-(CH 2 ) a - 
20 -(CH 2 ) b -cyclohexylene-(CH 2 ) b - 
-(CH 2 ) c -C00-(CH 2 ) a - 
and -(CH 2 ) c -COO-Y-O0C-(CH 2 ) c -, 

each a and each c independently represents an integer of 
from 2 to 20, each b independently represents an integer 

25 of from 1 to 10, and Y represents a group ~( CH 2^c~ oh a 

group -(CH 2 CH 2 0) d CH 2 CH 2 - where d represents an integer of. 
from 1 to 5. Preferred values for a are from 3 to 8, 
preferred values for b are 1 to 4, and preferred values for 
c are from 3 to 18, more especially 3 to 12. 

30 Other examples of the bridging group are those 

having the formula 

-(CH 2 )-S0 2 -(CH 2 ) c - 
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-(CH 2 ) c -NH-(CH 2 ) c - and 

-(CH 2 ) c -NH+-(CH 2 ) c - , 

where each c independently has a value from 2 to 20, 
preferably from 3 to 18, and more preferably from 3 to 
5 12.. 

Where values of a,~b or c exceed 2, the poly- 
methylene groups can be straight chain or branched, but 
preferably the terminal carbon atom to which the -S0 2 0R 
group is attached is a primary carbon atom. 

10 Stabiliser compounds having three or four thio- 

sulphate or th i osul phonate groups include those where 
three or four groups "^H^-S-SOgR, m typically having 
a value from 3 to 6, are substituents in an aromatic 
nucleus, for example a benzene or naphthalene nucleus, 

15 (which may al so • contai n other substituents.),- " *. 

or as substituents in 'one or more nuclei of a 
di- or tri-nuclear aromatic compound, for example biphenyl 
diphenyl ether, diphenyl sulphone or benzophenone. 

Further examples Of trivalent bridging groups are 

20 those of the formulae 

-A^OCHgCHtOA^jCH^OA 1 - and 
A-C(A 00CA 1 -) 3 

where each A 1 is independently an alkylene group, for 
example a C 2 _ lg , preferably a C 3 _ 12 , alkylene group arid 
25 A is C^gal kyl ; 

and also those of the formulae 

N |J CH 2>1 and ^ [( C H 2 )cl '• 
where each c independently has a value from 2 to 20, 
preferably from 3 to 18, more especi al ly from 3 to 12. 
30 Further examples of tetravalent bridging groups 

are those having the formulae 

C(A 1 ) 4 , Si ( a\ and (A 1 ^Si-O-Si ( A 1 ) 3 
where A has the same meaning as before; and those having 
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the formula 

C[CH 2 OCO(CH 2 )J 4 ' .. 

where each c independently has a value from 2 to 20, 
preferably from 3 to 1 8 and more preferably from 3 to 12. 
Examples of polymers are those of the formulae 
CH 2 -S-S0 2 R 

fO-CH 2 CH) n , ■ • . 

and esterified and partially esterified polyvinyl alcohols 
wherein the polymer chain is formed from units selected 



from -CH-CH«, -CH-CH - , and -CH-CH„- 

OH 0 0 

CO CO 

10 R'' <Ctf 2 ) c 



S-S0 2 R 

where R 1 represents a C^ 12 alkyl group and c has an integral 
value of from 2 to 20, and at least 10%, preferably at 
: least 20%, for example from 25% to 75%, of the units in 
the polymer are those containing the group -S-S0 2 R. 

15 The optimum number of carbon atoms in the alkylene 

units to which the thiosulphate or thiolsulphonate groups 
are attached to bridging groups of the kind described above 
where two or more alkylene units are linked through atoms 
. or groups, or where the thiosulphate or thiolsulphonate 

20 groups are attached to units pendant from polymer chains, 
the optimum value of m in the formula -C m H 2m -S-SQ 2 R, and 
the optimum number of carbon atoms in the groups A 1 , "depend 
on the remainder of the structure of the bridging group. 
It appears that for a compound to act as an effective 

25 stabiliser, the ability to take up certain molecular 

configurations, i.e. a certain degree of flexibility, is 
required. 
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A further requirement is that the relative 
locations of the thi.osul phate or thi ol sul phonate groups 
should not be such that significant intramolecular cycli- 
sation can occur when a rubber composition containing the 
5 stabiliser material is heated. For example, compounds 
in which the bridging group i s~ trimethyl ene or .tetramethy- 
lene show little stabiliser activity, and it. is believed that 
this is due to the tendency of such ' compounds to cyclise. 

Thus within the class of compounds defined above 
10 there will.be found differing degrees of stabiliser acti- 
vity, but methods of evaluation as subsequently described 
are conventional, and it is therefore a matter of simple and 
minimum experimentation for the person skilled in the art 
to determine whether a particular compound will usefully 
15 stabilise rubber compositions. ' 

When M in the above formula of the stabiliser 
material represents a mono val ent metal , this can be for 
instance an alkali metal, for example sodium, lithium or 
potassium. Sodium is the preferred alkali metal. M can 
20 alternatively represent the equivalent of a multivalent 
metal, for instance magnesium, calcium, barium, zinc, 
nickel, cobalt or aluminium. 

Where M represents a monovalent ion formed by the 
addition of a proton to a nitrogenous base, the nitro- 
25 genous base can be ammonia or a simple primary, secondary 
or tertiary amine 

R 2 NH 2 , R 2 R 3 NH or R 2 R 3 R 4 N where 
2 3 4 

each of R , R and R i ndependently represents an alky! 
group, for example a Cj_ 20 alky! group, a *C 5 _ g cycloalkyl 
30 or al kylcycloalkyl group, for example cyclohexyl or 
me thyl cycl ohexyl , a benzyl group, a phenyl group or a 
substituted phenyl group, for example a tolyl or chloro- 
phenyl group, provided that not more than one of R , R 
and R 4 is a phenyl or substituted phenyl group. 



- 10 - 



00701 43 



Preferred amines are those that are relatively 
weakly basic. These include amines where weak basicity 
is a result of steric hindrance around the nitrogen atom 
due, for example, to the presence of a tert-alkyl group, 
5 for instance a tert-alky] group having from 4 to 12 carbon 
atoms, such as tert-butyl , tert-amyl or -1 ,1 ,3 ,3-tetramethyl-~ 

butyl. Exaples of such amines are the secondary amines 

2 3 2 3 

R R NH where one of R and R is a tert-alkyl group and 

the other is .a benzyl group or. a cyclohexyl or alkyl- 

2 ° 

10 cyclohexyl group. Alternatively both R and R J can be 

tert-alkyl groups. Further examples are tertiary amines 

2 3 4 

where R is a tert alkyl group and R and R are benzyl 

groups. 

Other suitable weakly basic amines are the primary 

ygamines R 2 NH 2 where R 2 is a phenyl or substituted phenyl 
group, and the secondary amines R 2 R 3 NH where R 2 is a phenyl 
or substituted phenyl group and R 3 is a C-j^q alkyl group, 
preferably a C|_j 2 alkyl group. Examples of such amines 
are aniline, the toluidines, N-methyl aniline, N-butyl- 

20aniline and N-isohexy 1 ani 1 i ne . A special -class of such 
secondary amines comprises those where R represents a 
secondary alkyl group, preferably a t^-M secondar y alkyl " 
group, or a cyclohexyl group, and R 3 represents a 4-phenyl- 
aminophenyl group. These amines include compounds such as 

25N-isopropyT-N '-phenyl-p -phenyl enedi ami ne ,N -sec- butyl -N l - 
pheny 1 -p- phenyl enedi amine , N-l , 3- dime thy 1 b utyl -N 1 -phenyl - 
p- phenyl enedi ami ne , N-l ,4- dimethyl pentyl -N '-phenyl -p- 
phenyl enedi amine and N-cycl ohexyl-N 1 -phenyl -p-phenyl enedi amine 
Such amines function as mono-acid bases . despi te the presence 

30 of the second nitrogen atom in the 4-phenyl ami nophenyl 
group, because this second nitrogen atom has virtually no 
basicity. 
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Other examples of nitrogenous bases which form 
thiosulphate salts of the invention are guanidine and 
substituted guanidines, for example those of the formula 
NH 

. II 

R 2 NH-C-NHR 2 

5 and substituted i sothioureas , -f or example those of the 
f ormul a 

NH^C-NH^ * 7 
2 

where each R independently represents hydrogen, an al kyl 
group, for example a C^go a1k y 1 . group, a C 5 _ g cycloalkyl 

1° or alkylcycloalkyl group, a benzyl group, a phenyl group 
or a substituted "phenyl group; for instance a tolyl group, 
and ft represents a c -j-20 a* 1 ^ 1 . group, a C 5 _ g cycloalkyl 
or alkylcycloalkyl group or a benzyl group. Specific 
examples of substi tuted guani di nes are. di phenyl guan i di ne 

15 and di-o-tolylguanidine; specific examples of substituted 
isothioureas are S-ethylisothiourea and S-benzyl isothi o- 
urea. 

Where M represents an equivalent of a multivalent 
cation formed by the addition of two or more protons to a 
20 nitrogenous base, the bases from which such ions can be 
derived include alkylene diamines, N ,N 1 -di subs ti tuted 
alkylene diamines, phenyl enedi ami nes and N ,N *-di substi - 
tuted phenylenediamines of the formula 
R 2 NH-A-NHR 2 

25 where A represents an alkylene radical -( CH 2^c"" where 
c has a value of from 2 to 20, preferably from 2 to 12, 
and which may be straight chain or branched, or a 
phenylene, for example a meta- or para-phenyl ene radical, 
and each independently represents an alkyl group, for 

30 example a C-|_ 20 alkyl group, a C g-g cycloalkyl or 

alkylcycloalkyl group, a benzyl group, a phenyl group or 
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2 

substituted phenyl group, provided that- neither R "is 

a phenyl or -substituted phenyl group when A is a phenyl ene 

radi cal . . 

In preferred amines where A represents an alkylene 

5 radical, R 2 is a tert-alkyl group, for exampl e tert-butyl , 
t-amyl or 1 ,1 ,3,3-tetramethylbutyl , or a phenyl group. 
Examples of such amines are N,N'-diphenylethylene diamine, 
N,n' -di-tert-butyl -1 ,4-tetramethyl ene diamine and 
N,N'-bis(l ,1 ,3,3-tetramethylbutyl )-l ,6-hexamethyl ene 

10 diamine. 

In preferred amines where A represents a phenyl ene 

radical, R 2 is a secondary al kyl group ,. preferably a ? 

C , 2 secondary alkyl group or a cyclohexyl group. 

Examples of such amines are N.N'-di-sec-butyl-p-phenyl- . 
15 enediamine, N ,N ' -bis (1 ,3-dimethylbutyl )-p-phenylehedi amine, 

N,N'-bis(l ,4-di me thy 1 pen tyl )-p- phenyl enedi amine, 

N.N'-bi s(l -ethyl -3-methylpentyl )-p-phenyl enedi amine, 

N,N'-bis(l-methylheptyl )-p-phenylenediamine and N,N -dicy- 

cl oh exyl-p- phenyl enedi amine. 
20 Possible bases also include polyalkylene polyamines 

of the formula 

R 2 NH-(A'-NH) n -A'NHR 2 - 

where A' represents an alkylene radical of from 2 to 8^ 
carbon atoms, n has a value of from 1 to 5, and each R - 

25 independently represents a c 1 _ 2 o alk y 1 group, a C g _g 
cycloalkyl or al kyl cycloal kyl group, a benzyl group, a 
phenyl group or a substituted phenyl group. 

In other instances, the nitrogen of the nitrogen- 
ous base is part of a heterocyclic ring. The base can be 

30 monocyclic, for example pyridine a or a compound in which the 
nitrogen-containing heterocyclic ring is fused to another 
ring, as for example quinoline. Moreover, the heterocyclic 
ring can be saturated, as for example -in morpholine or" 
piperidine, or it may contain one. or more double bonds, 

35 as for example in pyrrol ine or 1 ,2-dihydroquinoline. 
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Of the compounds where M represents such a base/ 
those preferred for use as vulcanisate stabilisers are 
compounds where M represents a 1 ,2-di hydroquinol i nium 
ion, which may optionally have ring substi tuents . 
Examples of such ions are 2,2,4-trimethyl-l ,2-dihydro- 
qui nol i nium, 2 ,2 ,4- tri methyl -6 - 2 al koxy )-l ,2-dihydro- 

quinolinium, for instance 2,2,4-trimethyl-6-ethoxy-l ,2- 
di hydroqui nol i ni urn , 2,2,4-trimethyl-6-(C 1-lg alkyl )- 
1 ,2-di hydroqui noli nium, for instance 2 , 2 ,4-tr imethyl - 6- 
dodecyl-1 , 2- di hydro qui nol inium, and' 2,4-diethyl -2-methyl- 
1,2-di hydroquinol i nium. 

Other classes of bases which form divalent 
cations by the addition of two protons are represented 
by the general formulae 

NH 

X-S-A 2 -S- 
NH 2 ^ n m £ and 




,C-NH-A Z -NH-C 
NH^ NH 2 

where A 2 represents a radical ~(CH 2 ) c -, where c is an 
integer from 2 to 20, preferably from 3 to 12, and the 
radical -(CH 2 ) c ~ can be either straight chain or branched, 
or a C 2 _ 2Q alkenylene or al kadi enyl ene radical, for 
example a but-2-enyl ene or octa-2 ,6-di enyl ene radi cal . 
These bases form bis (isothiouronium) and bis (guanidinium) 
ions respecti vely . 
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When R in the groups S-S0 2 R of the stabiliser 
compound is an organic radical, aliphatic radicals from 
which R may be. selected include straight- and branched- 
chain alkyl and alkenyl groups, more especially such 
5groups containing from 1 to 20 carb on atoms, for example, 
methyl, ethyl, n-propyl, isopropy.l, sec-butyl, tert-butyl , 
isoamyl, t-amy 1 , n-hexyl , hex-3-enyl, n-heptyl , n-octyl , 
2-ethyl hexyl , and decyl, dodecyl , pentadecyl , and octa— 
decyl groups. 

10 When R is cycl oal phati c , i t is usually aradical 

containing from 5 to 8 ring carbon atoms, which may be 
saturated or contain one or two olefinic bonds, for example 
a cyclopentyl , cyclohexyl or cyclohexenyl group. * 

An aromatic radical R may be, for example, phenyl, 

I5naphthyl or biphenyl, and a heterocyclic radical may be, - 
for example, pyridyl, imi dazol -2-yl or thi azol -2-yl . * 

- Radicals which are combinations of two or more of 
the foregoing radicals include alkylcycloalkyl radicals, 
for example methylcyclohexyl ; alkyaryl radicals, for 

20example tolyl , dimethylphenyl and ethylphenyl; arylakyl 
radicals, for example benzyl and phenethyl; and fused- 
ring aromatic-heterocyclic radicals, for example quinolyl, 
benzimi dazol -2-yl and benzothiazol -2-yl 

Also included are radicals having substituent 

25 atoms or groups, for example halogen such as chlorine or 
bromine, or nitro, hydroxyl * carboxy, carboalkoxyl or 
alkylcarbonyl groups. Examples include chloroethyl, 
chlorotolyl, hydroxyphenyl , carboxypyri dy 1 and nitro- 
benzothi azolyl » 
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The stabiliser materials of the invention that are 
alkali metal salts can be prepared by the nucleophilic 
substitution of halogen, usually chlorine or bromine, in an 
appropriate starting material having at least two replace- 
5 able halogen atoms, by reaction with an alkali metal 
thiosulphate. For economic reasons, sodium thiosulphate 
is preferred, but other alkali metal thi os ul phates , for 
example lithium, potassium or rubidium thi os ul phates .can be 
used. For stabiliser compounds having two thiosulphate 
10 groups, the reaction can be illustrated by : v 

X(Hal) 2 +2Na 2 S 2 0 3 ^ NaOS0 2 -S~X-S-S0 2 ONa + 2NaHal 

where Hal indicates halogen. 

In prior art examples of this type of process, 
the reaction is usually performed in wa'ter or in an 
15 aqueous alcoholic medium under reflux (see, for example 
B. Mulligan and J. H . Swan, Rev. Pure and Applied 
Chemistry, 1962, 1_2, 72: and J. Chenu Soc. 1965, 2901 . 

This reaction tends to be slow, particularly when 
the halogen to be displaced is chlorine, and we have found 

20 it advantageous to use reaction temperatures above the 

reflux temperatures of aqueous ethanol or methanol mixtures 
at normal pressures, by carrying out the reaction in an' 
autoclave. For example, the reaction can be carried out 
at a temperature within the range 100 to 150°C, a 

25 preferred range being from 120 to 140°cl At these temperatures, 
the reaction is usually substantially complete in a short 
time, for example from 5 to 20 minutes, but longer reaction 
times can be employed if necessary. We have found it 
advantageous to add a small amount of sodium sulphite 

30 (typically 0.05 to 0.2 mol per mol of sodium thiosulphate) 
to the reaction mixture. This has the effect of suppress- 
ing by-product formation. For solubility reasons, aqueous 
ethanol or aqueous methanol is generally a'more suitable 
reaction medium than the alcohol alone. The alkali 
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metal thi os ulphates , in particular sodium thiosulphate, 
have sufficient solubility in ethylene glycol and diethy- 
lene glycol alone for these glycols to function as satis- 
factory reaction media. These glycols are therefore the 
5 preferred reaction media where the halogen-containing 
starting material contains hydrolysable groupings. Water 
introduced with the thiosulphate reactant, if this contains 
water of crystallisation, e.g. Na 2 S 2 0 3 5H 2 0, can be removed 
by distillation prior to adding the halide reactant.. When 
10 using ethylene glycol or di ethylene glycol , moreover, it 
is not necessary to operate under pressure in order to 
achieve reaction temperatures over 100°C. 

The quantity of glycol used in the reaction medium 
should dissolve at least part of the alkali metal thio- 
ls sulphate 3 but large amounts'of glycol in excess of that 
required to effect solution are preferably avoided. The 
glycol (or a mixture of glycols) is preferably essentially 
the sole component of the reaction medium, although other . 
compatible organic solvents need not be excluded provided 
20 the glycol mixture remains the major component of the 

reaction medium. . 

Reacti on ' times vary with the reaction temperature 
and the ease of replacement of the halogen atom or atoms-. 
Typical reaction times for the replacement of .chlorine at 
25 temperatures within the range 100-150°C. are from 60,to 
15 minutes . 

The alkali metal halide by-product in the process 
of the invention is insoluble in the reaction medium* 
and precipitates as the reaction proceeds. It can be removed 
30 by filtration of the reaction mixture when the reaction 
is complete. The filtrate is a solution of the organic 
thiosulphate alkali" metal salt from which the organic . 
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thiosulphate alkali metal salt can be precipitated by 
mixing with a solvent which is miscible with the glycol, 
but is essentially a non-solvent for the alkali metal 
salt. An example of such a solvent is i sopropanol . 
5 Alkali metal salts of organic thi osul phates 

prepared and isolated in this manner may contain glycol 
relatively firmly bound in the crystal. So far as the use 
of the thiosulphate as a rubber stabiliser is concerned, •* 
the presence of small amounts of glycol has no adverse effect, 

10 but if desired, the glycol can be removed by recrys tall i sa- 
tion from a non-glycol sol vent . 

Stabilisers of the invention where M represents 
potassium can be made by using potassium thiosulphate as 
the halogen-displacing reactant in a reaction as discussed 

15 above. For the preparation of compounds having other 

values of M, however, it is in many- instances most conven- 
ient to prepare the sodium salt as an intermediate from 
which the sodium is then displaced by the required other 
cation. 

20 Where the required product, is water-soluble, such 

a displacement can be effected using a cation-exchange 
resin which carries the required other cation. For example, 
introduction of a solution of the sodium salt of the organic 
thiosulphate into a column of cation-exchange resin in which 

25 the exchangeable ions are nickel produces, as a percolate 
a solution of the nickel salt of the organic thiosulphate. 
By essentially the same method, using a cation-exchange 
resin carrying the cations required in the product, magnes- 
ium, calcium, zinc, cobalt and guanidinium salts of the 

30 organic thi osul phates can be prepared. The salts in solid 
form, often containing water of crystal! isati on, can be 
obtained by evaporation of the percolates. 

The barium salts of the organic thi osulphates are 
less soluble in water than the alkali metal and certain 



ion 
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other metal salts, and crystallise on cooling a solution 
obtained by mixing hot, concentrated solutions of bar.ium 
chloride and the organic thiosulphate sodium salt. . The 
barium salts are useful as intermediates in -the preparatii 
5 of other metal salts by double decomposition. Addition, of 
an aqueous solution of the sulphate of the other metal to 
an aqueous solution of the barium salt (which.can be 
obtained using a sufficient volume of water) .r.esults in 
the precipitation of barium sulphate. This. is removed by" ■ 
lOfiltration, giving a filtrate which on evaporation "yields, ' 
the desired metal salt of the organic thi osulphates . 
Ammonium and certain substituted ammonium salts can also 
be prepared by this- procedure. " 

Double decomposition procedures using as rea,ctants 
15 the alkali metal salts, esp'eci ally the "sodi um salts, of 
-the organic thi osulphates and the salts of nitrogenous .bases 
with strong mineral acids, for example hydrochlorides, 
hydrobromides or sulphates, can be used to prepare stabiliser 
materials of the invention where M represents a" monovalent 
20 ion formed by the addition of a proton, or the equivalent 
of a multivalent ion formed by the. addition of two or more 
protons, to an organic nitrogenous base. The by-product, 
is an alkali metal salt of a strong mineral acid, for 
example sodium chloride or sodium sulphate, and its - _ 
•25 separation from the required product is usually straight- 
forward by virtue of their differing solubilities in 
selected solvents. For instance* the sodium salts of the 
organic thi osul phates dissolve to a limited extent -in warm* 
methanol, as do the sulphates of certain amines., whereas 
30 sodium sulphate is virtually insoluble in methanol, On 
mixing a warm methanolic solution of a sodium salt of an 
organic thiosulphate with a warm methanol i c sol ution of an 
amine sulphate, sodium sulphate is precipitated, and can 
be separated by filtration from the 'amine salt of the 
35 organic thiosulphate which remains in solution. The-araine 
salt itself can be obtained by ■ evaporati on of the solvent 
from the filtrate. This method can be used to prepare salts 
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2 3 2 
of amines R R NH where R represents a secondary alkyl 

3 

group or a cyclohexyl group, and R represents a 4-phenyl- 
amino group, aswell as salts where the cation is an 
optionally-substituted 1 ,2-dihydroquinolinium ion, 

. 5 In other instances, the amine salt of the organic 

thiosulphate is relatively insoluble in water or aqueous 
alcohol, and crystallises from the solution obtained by 
mixing an aqueous or aqueous alcoholic solution of the 
amine hydrochloride with an aqueous solution of the sodium' 

10 salt of the organic thiosulphate. N-tert-al ky 1 -N-benzyl - 
ammonium, diphenyl guani di ni urn and certain i sothi ouroni urn 
salts can be prepared by this method. 

Stabiliser compounds where R in the grouping 
-S-S0 2 R represents an organic group can be prepared by the 

15 nucleophilic substitution of halogen, usually chlorine 
or bromine, in an appropriate starting material having 
at least two replaceable halogen atoms. The reaction 

can be illustrated, for a compound having two 
replaceable halogen atoms, by the equation 

20 2 RS0 2 SM 2 + X(hal) 2 ->R-50 2 -S-X-S-S0 2 -R + 2 M 2 hal 

2 

where R is as defined previously, M represents a displace- 

able ion, usually an alkali metal ion, and hal indicates 

halogen. Reactions of this type are described in, for 

example, U.S. Patent 3,047,393 which discloses the reaction 

25 of sodium p- to! uenethi os ul phonate with compounds of the 
11 

formula BrX Br where X is a Q al ky 1 ene group, to give 

compounds of the formula R 2 S0 2 SX 1 SSOgR 2 where R 2 is the 
p-tolyl group. 

As an alternative, the general method : 
30 2 RS0 2 C1 + HS-X-SH base > RSQg-S-X-S -SOgR 

can be used, R being as first defined above to include 
entities OM. 
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Specific compounds or classes of compounds useful as 
vulcani-sate stabilisers in the present invention include 
the salts of 

pentamethyl ene bis thiosulphate 
5 hexamethyl ehe bis thiosulphate 

heptamethyl ene bis thiosulphate 
octamethyl ene bis thiosulphate 
nonamethyl ene bis thiosulphate 
decamethyl ene bis thiosulphate 
10 dodecamethylene bis thiosulphate and •* 

hexadecamethyl ene bis thiosulphate; 
with the cations sodium, magnesium, calcium, barium a 
zinc, cobalt and nickel; 
with the cations 
15 ammonium, 

N(C 4 _ 1a tert-alkyl ) -N-benzyl ammoni um , for example - 
N-tert-butyl-N 1 -benzylammoni urn and N-(l a l ,3^3-tetramethyl 
butyl ) -N-benzyl ammonium, 

N-isopropyl -ff- (4-phenyl aminophenyl ) ammoni um, 
20 N-(l ,3-dimethylbutyl )-N-(4-phenylaminophenyl )ammonium, 

N-cycl ohexy 1 -N- (4- phenyl ami nophenyl) ammonium, 

2,2, 4- t rime thy 1-1 ,2-dihydroqui no! ini um, 

6-ethoxy-2 ,2,4-trimethyl-l ,2-dihydroqui no! ini urn, 

guanidinium and benzyl isothiouronium; 
25 with divalent cations of the formula 

2 + : * + 2 
R NH- A-NH^, R 

2 " 
where. A represents para-phenyl ene and R is a c 3 _i2 

secondary alkyl group, for example a 1 , 4-dimethyl pentyl 
group; ■ - - 

30 and with divalent cations of the formula 

j(NH 2 ) 2 CS (CH 2 ) c SC(NH 2 ) 2 ] ++ 

where c has any one of the integral . values from 2 to 12 
so that (CH 2 ) c represents for example tetramethylene, 
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pentamethylene , hexame thyl ene , octamethyl ene or decamethy- 
lene. 

Other classes of compounds useful as. vulcanisate 
stabilisers in the present invention are the compounds 
5 0 (jCH 2 ) af s 2 0 3 Na] 2 where a 1 has any one of the 

values 3 f 4, 5 and 6, and the compound 

CH 3 ^ 
0[CH 2 CH 2 CH CH 2 CH 2 S 2 0 3 Na] 2 ; 
the compounds- 

CH 2 [0(CH 2 ) al S 2 0 3 NaJ 2 where a • . has. any one of 
10 the values 3, 4, 5 and 6, 
the compounds 

C 6 H 10 f CH 2^b ,S 2°3 Na l * here *>* has a °y one .of the 
values 1> 2, 3 or 4, and C g H 10 is cyclohexamethyl ene, 
the compounds 

15 fc Ma0 3 S 2 (CH 2 ) cl C00(CH 2 ) al S 2 0 3 Na where c'"has any 

one of the integral values from 3 to 10 in combination with 
any one of the values 3, 4, 5 and 6 for a'; 
the compounds 

Na0 3 S 2 (CH 2 ) cl C00(CH 2 ) cII 00C(CH 2 ) cl S 2 0 3 Na where 
20 each c* has any one of the integral values from 3 to 10 
in combination with any one of the integral values from 
2 to 12 for c"; 
the compounds 

Na0 3 S 2 (CH 2 ) ci C00(CH 2 CH 2 0) dt CK 2 CH 2 0QC(CH 2 ) cl S 2 0 3 Na 
25 where each c' has any one of the integral values from 3 to 

10 in combination with any one of the values 1, 2 and 3 

for d*; . 

and the corresponding potassium, magnesium, calcium," barium, 

zinc, nickel and cobalt salts; 
30 The compounds 

°[(CH 2 ) a ,S 2 0 3 M] 2 where a 1 has any one of the 
values 3, 4, 5 and 6, and the compounds 
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M0 3 S 2 (CH 2 ) cl C00(CH 2 ) a ,S 2 0 3 M 

where c* has any one of the integral values from 3 to 
10 in combination with any one of the values 3, 4,-5 and 
6 for a' and where in each case H is selected from the 
5 cations - 

N(C 4 _.j 2 tert-al kyl )-N-benzylammonium,' for example 
N-tert-butyl -N -benzyl ammonium and N-(l ,1 ,3,3--tetrame*thyl- 
butyl ) -N-benzyl ammonium, 

N- i s op ropy 1 -N- (4 -phenyl aminophenyl ) ammonium, 
10 N- ( 1 ,3-di methyl butyl )-N-( 4- phenyl aminophenyl ) ammonium, 

N- eye 1 ohexyl -N- (4-phenyl aminophenyl )ammoni urn, 

2, 2, 4- tri methyl -1 ,2-di hydroqui no! i pi urn, 

6-ethoxy-2,2,4-trimethyl-l ,2-di hydroqui no! i nium, 

guanidinium and benzyl i sothi ouroni urn; 
15 and equivalents of divalent cations 

2 * + 2 

R NH 2 -A-NH 2 R 

2 

where A represents para-phenyl ene and R is a t^-W 
secondary alky! group, for example a 1 ,4-dimethyl pentyl 
group; and divalent cations 

20 [(NH 2 ) 2 CS (CH 2 ) c SC(NH 2 ) 2 ] ++ 

where c has any one of the integral values from 2 to 12, 



the compounds _ " . j 

Na0 3 S 2 -{ : (CH 2 ) 4 0^(CH 2 ) 4 S 2 0 3 Na j 

m = 1-10 

25 CH 3 N [(CH 2 ) 3 S 2 0 3 Nj 2 # 



Nap 3 S 2 CH 2 CH 2 ^£H 2 CH 2 S 2 0 3 Na 
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Pen tame thy lene bi s (phenyl thi rilsul phonate) 
Hexamethylene bis(phenylthiolsulphonate) . 
Octame thy lene bi s (o-tolyl thiolsul phonate) 
Decamethylene bis(p-tolylthiolsulphonate) 
5 Decamethylene bi s (methyl thi ol sul phonate) 

Decamethylene bis(p-chlorophenylthiolsulphonate) ,■ 
compounds having the* formula 

M0 3 S 2 - ( CH 2 ) C -S 0 2 - ( CH 2 ) c S 2 0 3 M 

where M represents sodium or the two M's together represent 
10 zinc, nickel or cobalt and each c has an integral value from 
3 to 12, 

and compounds having the formula 

M0 3 S 2 -(CH 2 ) c -NH-(CH 2 ) c -S 2 0 3 M 

or r ' I* - 

15 * b° 3 h'^ H 2 ) c^^hh' S Z 0 3 K l Hal 

where M represents sodium or the two M's together represent 
zinc, nickel or cobalt, each c has an integral value from 
. 3 to 12 and Hal"" represents a halide, for example a chloride 
or bromide", ion. 
20 The stabiliser materi al s "referred to above are 

especially effective in compositions in which the rubber 
is cis-polyisoprene, either natural or synthetic, and in . 
■ blends containing at least 25% by weight of cis-poly- 
isoprene with other rubbers. Preferably . the rubber, if a 
25 blend, contains at least 40% and more preferably at least 
60% by weight of ci s-polyi soprene. Examples of other 
rubbers which may be blended with cis-polyisoprene include 
poly-1 ,3-butadi ene, copolymers of . 1 , 3-butadi ene with other 

monomers, for example styrene, acryl oni tri 1 e., isobutylene . 
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and methyl methacryl ate , and ethylene-propyl ene-diene 
terpolymers. 

The amount of stabiliser compound employed in 
, the compositions of the present invention is usually 
5 from 1 to 5, for example from 1.5 to 5, parts by weight, 
and preferably from 2 to 4 parts by weight per 100 parts 
by weight, of rubber. 

..-In the composition of the invention the essential 
vulcanising agent is sulphur, but other vulcanising 

10 agents such as amine disulphides need not be excluded. 
The amount of sulphur in the compositions is typically 
from 2 to 3 parts by weight per 100 parts by weight of • 
rubber, but lesser or larger amounts, for example from 
,1 to 5 parts, on the same basis, may be employed. 

15 In the composition of the invention a single 

accelerator or a mixture of accelerators can be employed. 
•These include thi azol e-based accelerators, for example 
Z-rmercaptobenzothiazole, bi s (2-benzothi azoly-1 ) disulphide, 
benzothi azole-2-sul phenami des for instance N-isopropyl- . 

20 benzothi azol e-2-sul phenami de, N-tert-butyl -benzothi azol e- 
2-sul phenami de , N-cycl ohexyl benzothi azol e-2-sul phenami de, 
N,N-dii sop ropy! -benzothi azol e-2-sul phenami de, N,N-dicycl o- 
hexyl-benzothiazole-2-sulphenamide and 2(morphol inothio) 
benzothi azol e 3 thiocarbamylsulphenamides, for .example 

25 N,N-dimethyl-N ,N -di cycl ohexyl thi ocarbamyl sul phenami de and 
N(morphol i nothiocarbonyl thio)morpholine. Mi xtures of 
thi azol e-based accelerators with diphenyl guanidf ne can be 
used. Preferred accelerators are the benzothi azol e-2- 
sul phenami des . . In the compositions of the invention, 

30 these are usually used in amounts of from 0.5 to 1.5 
part by weight per 100 parts by weight of rubber. 
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The vulcanisate stabilisers used in this invention 
can be incorporated into rubber by conventional mixing 
procedures, for example by adding them in a Banbury mixer 
or by adding them to the rubber on a mill. Ordinarily, 
5 with liquid or low melting solid vulcanisate stabilisers, 
no special precautions are necessary for obtaining good 
dispersions. However, when using higher melting vulcani- 
sate stabilisers it is recommended that they be ground 
to a fine powder, preferably 70 micrometre particle 

10 size or less to ensure adequate dispersion. Such powders 
may be treated to suppress dust, for example by the 
addition of oil, or they can be mixed with a binder, for 
exampl e .a -polymer* 1 atex, and formed into granules or 
pellets containing up to 5% by weight of binder. They 

15 can also be formulated as p redi spersi ons in certain 
rubbery polymers, such as EPDM or ethyl ene-vi nyl 
acetate rubber, which predi spersi ons may contain, for 
example, from 15 to 50% by weight of polymer. 

The rubber stocks may include reinforcing carbon 

20 blacks, pigments such as titanium dioxide and silicon 
dioxide, metal oxide activators such~as zinc oxide and 
magnesium oxide, stearic aci d , hydrocarbon softeners 
and extender oils, amine, ether, and phenolic antioxi- 
dants, phenylenediamine anti degradants , and tackifiers. 

25 The stocks may also contain prevul cani zati on inhibitors 
but in many stocks their use is unnecessary,' 

In the Examples below, cure characteristics were ~ 
determined at the curing temperatures shown . in the Tables 
by means of the Monsanto Oscillating Disc Rheometer 

30 described by Decker, Wise and Guerry in Rubber World, 
December 1962, page 68. From the Rheometer data, the 
time (t. max.) required to reach maximum torque (maximum 
modulus) was recorded. Vulcanisates were prepared by 
press curing at the selected temperature for the time 
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indicated by the Rheometer data to^ give maximum .cure* 
Other vulcanisates were prepared'at the same .temperature 
but were held at this temperature for an extended period. 
Both types of vulcanisate were subjected to conventional 
5 methods of physical testing. 

Fatigue to Failure measurements were carried out 
by the method described by R. C. Ayerst, D. G. Lloyd and 
E. R. Rodger, Paper No. 21, DKG Meeting, Wiesbaden, 

s 

May 19, 1971, and resilience measurements according : to 
10 British Standard 903 Part A8 (1963). "Goodrich Flexometer n 
data were obtained by the method of ASTM D623-78 Method k. ' 
The base temperature for the heat build-up measurements 
was 50°C. and the base temperature for blow-out tirae„ 
"measurements was 100°C. 
15 Various compounds useful as vulcanisate stabilisers 

were prepared as follows : ' * 

Preparation (1). Decamethyl ene bis jbhiosul phat e y d ? i sodium 
salt> dihydrate. 

Sodium thiosulphate, pentahydrate (49.6gr. 0.2 
20 mole) and 1 , 1 0-di bromodecane (30gr. 0.1 mole) were 

refluxed in a mixture of water (100 ml) and ethanol (100ml) 
for 1 .5 hr. • 

The mixture was allowed to cool and the precipi- 
tated mass was filtered. Drying in air (85°c.) afforded 
25 decamethylene bis thiosulphate as the hydrated sodium 
salt, with approximately two molecules of water of 
hydration. 

A- recrystallised sample gave the following 
elemental analysis : 
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C 10 H 24 Na 2°8 J 



Calc. (%) Found (%) 
C 26.90 26.79 

H 5.42 5.09 

5 S 28.72 28.74 

I.R> Absorption . (KBr Wafer) 

3,550 - 3,445 cm" water of crystallisation 
2, 920 2,843 cm** 1 -^- 
1,220 1,050 ..1,040 -650Em: -S S0 3 = 
10 Preparation (ii) . Hexamethvlene bis thiosulphate, disodium 
salt hydrate 

A reaction of sodium thiosulphate with 1, 6-dichlor- 
hexane was effected by the same procedure as in preparation 
(i) but with the" refluxing period extended to 6 hours. 
15 The reaction mixture was evaporated to dryness under 

vacuum, and the residue extracted with hot methanol. . 
Sodium chloride was filtered off and the methanolic 
solution evaporated to yield hydrated hexamethylene 
bis thiosulphate disodium salt. 
20 I.R. Absorption Bands 

3,555 - 3,455 cm" 1 Water of Crystallisation 
2,920 2,855 1.465 cm" 1 - CH 2 ~ 
1,220 1,050 645 cm" 1 -S SC> 3 = 
Preparations ii (a), (b) and (c) . In a similar manner 
25 to that described for hexamethylene bis (thiosulphate) 

disodium salt hydrate*, there were prepared pentamethylene 
bis (thiosulphate) disodium salt hydrate, ethylene bis 
• (thiosulphate) disodium salt hydrate, and 1 , 4-dimethylene- 
cyclphexyl bis (thiosulphate) disodium salt hydrate. 
30 Preparation (iii) . Decamethvlene bis (p-tolylthiol- 
sulphonate) . 

p-Toluenesulphinic acid, sodium salt (35. 6g; 0.2 
mole) and sulphur (6.4gr, 0.2 gr. atom) were refluxed 
in ethanol (50ml) containing 0.2 ml of tetrabutyl- 
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ammonium hydroxide (40% aqueous solution) . After 15 
min. boiling, the yellow suspension became white. 
1,10-Dibromodecane (30 gr, 0.1 mole) was then added 
and the mixture further refluxed for 3.5 hrs. The 
5 mixture was then added rapidly, with stirring, to 
1 litre of ice-water to yield a precipitate which 
was filtered, washed with water. .and dried under vacuum- 
The product (45 g- 87-5% yield) melted at 76-82°C- .' 
Elemental Analysis 

10 S4 H 34 S 4°4 (M - W - 514 - 75) 

Calc. Found 

C 56-00 55.87 

H 6 -75 
S 24.91 25.06 

15 Characteristic IR absorption 1.330 - J 

1,140 825 . 660 - 590 520 cm" 1 
Preparation (iv) became thyl en e bis (methyl thiolsulphonate) 

Methyl sulphonylchloride (0-32 mole, 36.8gr) was 
added dropwise to a mixture of decane -1 , 10-di thiol 
20 (0,16 mole, 33.1gr) and triethylamine (0.32 mole, 
32.9gr) in CH 2 Ci 2 (250 ml). The temperature was 
maintained at -15°C- throughout the addition- When 
addition was complete, the temperature was allowed to rise 
to 25°C. for lhr. 500ml of water were added, the organic 
'25 phase separated, dried over anhydrous sodium sulphate and 
• evaporated under vacuum, leaving a white solid (M-P. 
45-52°C). The yield was 25.0gr- (43%)- 

Sulphur analysis :( calculated for C 12 H 26 S 4°4 : 35 - 37% 

J found = 34.90% - 



30 The invention is illustrated by the following Examples 
in all instances, polymethylene groups (CH 2 ) X where x is an 
integer greater than 2, are linear. 

EXAMPLE 1 

This Example describes the production of di-n~butyl 
35ether-4,4'-bis thiosulphate, sodium salt, oQ(CH 2 ) ^^Na) ^ 
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Na 2 S 2 0 3 .5H 2 0, (1 mole), and 250 ml of ethylene glycol 
were heated in a distillation apparatus fitted with a 
mechanical stirrer, until the temperature reached 140-2°C. 
At that stage about 45 ml of water had been distilled off. 
5 4 f 4 f -dichlorodibutylether (0.5 mole), was then added 

an d the mixture stirred at 125 + 3°C. for 25 minutes. After 
cooling to 80°C, the mixture was filtered to eliminate NaCl, 
and the filtrate poured to 3.5 liters of 2-propanol, with "good 
* stirring. The resulting slurry was cooled to -10 C. and the 
10 white solid collected by filtration and dried* at room 

temperature in a vacuum oven to constant weight. The yield 
of crude product is 90% of theory. The material was purified 
by dissolving it in 200 ml of hot methanol, filtering and 
pouring the filtrate into fresh 2-propanol, cooling, filtering 
15 and drying. The product then obtained had the following 
characteristics. 

By hi NMR, it contains 92% of the title compound with 
no significant organic or inorganic impurity excepting 8% 
of ethylene glycol, (probably as a co-crystallizing molecule) . 
20 *H NMR: chemical shifts in ppm with dimethylsilylpropane ' 

sulphonic acid sodium salt as internal standard, in DgO. 

12-3 4 
3 S 2 CH 2 (CH 2 ) 2 CH 2j2° 
1: 3.12 (T) 
2-3: 1.6-1.9 (M) 
25 4: 3.54 (T) 

IR spectrum in KBr showed the characteristic absorptions of 
thiosulphate-S-esters at 1220, 1030 and 640 CnT 1 . 

EXAMPLE 2 

This Example describes the production of cyclohexane- 
30 1,4-bis methylthiosulphate-S-ester, disodium salt. 

Na 2 S 2 0 3 -5H 2 0 (2 mole) and 400 ml of diethyleneglycol 
were heated in a distillation apparatus, with stirring, 
until the temperature reached 132°C. 60 ml of the water had 
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been distilled. The condenser was then fitted for reflux and - 
l,4-bis(chloromethyl)cyclohexane, 1 mole, was added all at 
once. Reflex was continued for 50 minutes. The hot mixture 
was then poured into 1 liter of methanol and the resulting 
5 suspension filtered whilst still hot. The filtrate was 
added to 4 liters of 2-propanol. Cooling, filtering, and 
drying as in Example 1 yielded 300 gr (79% of theory) of 
a white powder. The crude product could 6e crystallized 
from methanol/2-propanol mixture. 
10 hi NMR: chemical shifts in ppm from dimethylsilyipropane 

sulphonic acid sodium salt in D 2 0. 

1 _^ 

; . Na0 3 S 2 CH 2 -^^Ca 2 S 2 0 3 Na 

mixture of cis and trans isomers (non attributed): 1: 3.00, 

3.10. ' -i ' 

15 ir showed absorptions at 1220, 1035 and 645 Cm ■ 

characteristic of organic ester thiosulphate. 

EXAMPLE 3 

This Example describes the production of 
3Sa0 3 S 2 (CH 2 )3CdO(CH 2 ) 4 S 2 03Na. 

20 This compound was prepared by a procedure similar to 

that described in Example 1, but using C1(CH 2 ) 3 C00(CH 2 ) 4 C1 
in place of 4,4 , -dichlorodibutyl ether. The dichloro-compound 
was prepared by the reaction of 4-chlorobutyryl chloride with 
.tetrabydrofuran in the presence, of zinc chloride. The 
25 period of reaction after addition of the 'dichlor'ocompound 

to the thiosulphate solution at 125°C..vas 0.. 5 hours, "and _ 
the yield was' 80% of crude product containing' 83% of the 
disodium salt and 12% of ethylene glycol ■ (by 1 H NMR) - 
^ NMR: chemical shifts in ppm from dimethylsilyipropane 

30 sulphonic acid sodium salt, in D 2 <D. 

1 2 3 4 5-6 7 

Na0 3 S 2 CH 2 CH 2 CH 2 COOCH 2 CCH 2 ) 2 CH 2 S 2 0 3 lTa 



3.12 j (T) j 



{ 1,7 
3 
4 



2.55 CT) 
4.16 <T5 



i 



35 2,5,6: 1.7-2.2 (M) ^ 
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* EXAMPLE 4 ' 

This Example describes the production of 

Na °3 S 2 {CH 2* 5°°° (CH 2* 4 S 2°3 Na 

This compound was prepared by a procedure similar to 
5 that described in Example 1, but using Cl (CH 2 > 5 COO iCH^ ^Cl 
in place of 4, 4 •-dichlorodibutyl ether. The dichloro- 
compound was prepared by the reaction of thionyl chloride 
with epsilon-caprolactam in the presence of zinc chloride, 
giving a reaction mixture containing 6-chlorohexanoyl - 
10 chloride, to which tetrahydrof uran was then added. The final 
reaction mixture was washed with aqueous sodium carbonate 
solution, and the required dichloro-compound was isolated 
by distillation of the organic phase after drying.- 

In the reaction of the dichloro-compound with sodium 
15 thiosulphate/ the yield was 75%. of theory of a product 
containing 85% of the disodium salt and 15% of ethylene 
glycol. 

Na °3 S 2 CH 2 (CH 2 } 3 CH 2 COOCH 2 (CH 2^ 2 CH 2 S 2°3 Na 
1,9: 3.11, 3.13 (T). 

20 2-4,7-8: 1-3-1.9 (M) 

5: 2.42 (T) 

6: . 4.16 (T) 

• EXAMPLE 5 
This Example describes the production of 
25 NaQ 3 S 2 (CH 2 ) 3 COO (CH 2 > fi OOC (CH-^S^Na. 

This compound was prepared by a procedure similar to 
that of Example 1, but using Cl (CH^COO (CH 2 ) 6 OOC (CH 2 ) 3 C1 
in place of 4, 4 1 -dichlorodibutyl ether- The dichloro- 
compound was prepared by the reaction of 1, 6-hexanediol 
30 with 4-chlorobutyryl chloride. 

Reaction of the dichloro-compound with sodium thio- 
sulphate and processing of the reaction mixture by the 
procedure of Example 1 gave a 30% yield of a product contain 
ing 8 3% of the above-identified sodium salt and 8% of 
35. ethylene glycol. 
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^H. ME: chemical shifts in ppm from dimethylsilylpropane 
sulphonic acid sodium salt, in D 2 0. 

1 2 3 4 5 6 

jNaO 3 S 2 CH 2 CH 2 CH 2 C00 CH 2 CH 2 CH£J 2 





1: 


3.14 


<T) 


5 


2: 


1.67 


(M) 




3: 


' 2.55 


(T) 




4: 


4.15 


(T3 




5: 


, 2.09 


(M) 




6: 


• 1.40 


(M) 


10 




EXAMPLE 


6 



This Example describes the production of 
NaO s S 2 (CH 2 ) 1Q C00 CCH^O) 3OC (CH 2 ) ^OgNa 

This conipound was prepared by a procedure similar to. that 
of Example 2, but using Br(CH 2 ) 1Q CX)0 (CH 2 CH20) 3 0C(CH 2 ) 1Q Br 

15 in place of 1, 4-bis(chloromethyl) cyclohexane. The dibromo- 
compound was prepared by the esterif ication of triethylene 
glycol with 11-bromoundecanoic acid. Reaction "of the 
dibromo-compound with sodium thiosulphate gave a 60% yield 
of a product containing 3.5% of diethyleneglycol. 

20 "4l NMR: chemica.1 shifts in ppm with dimethylsilylpropane 

sulphonic acid sodium salt, in D 2 0 

gaO. 



25 



CH 2 (CH 2 ) 8 CH 2 000CH 2 CH 2 OCH 2 2 


1: 3.10 


(T) 


2-9: 1:2-1.8 


(M) 


10: 2.38 


(T) 


11: 4.27 


(M) 


12: 3.76 


CM) 


13: 3.69 


(S3 


EXAMPLE 7 





30 This Example describes the preparation of 

NaQ 3 S 2 CCH^> 1Q C00 (CH 2 CH 2 0) 2 0C(CH 2 ) 1Q S 2 0 3 Na 

This compound was prepared by a procedure similar to that 
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of Example 2, but using Br(CH 2 ) 10 COO(CH 2 CH 2 0) 2 OC(CH 2 ) i0 Br 
in place of 1, 4-bis(chloromethyl)cyclohexane. The dibromo- 
compound was prepared by esterifying diethylene glycol with 
11— bromouhdecanoic acid. Reaction of the dibromo-compound 
5 with sodium thiosulphate gave an 80% yield of product 
containing 6.5% of diethylene glycol. 

*H NMR: chemical shifts in ppm with dimethylsilylpropane 
sulphonic acid sodium salt, in DgO - CDgOD. 

1 2-9 10 " 11 12 



[Na0 3 S 2 CH 2 (CH 2 ) 8 CH 2 C00CH 2 CH£| 2 O 



10 1: 3.10 (T) 

2-9: 1.2-1.8 (M)" 

10: 2.38 (T) 

11: 4.26 (M) 

12: 3.78 (M) 
15 EXAMPLE 8 

This Example describes the production of 
Na0 3 S 2 (CH 2 ) 4 OCH 2 0 ( CH 2 ) 4 S 2 O s Na . 

This compound was prepared bya procedure similar to 
that of Example 1, but using 4,4 f -dichlorobutyl formal in 
20 place of 4, 4 T -dichlorodibutyl ether. 4, 4* -dichlorobutyl 
formal was prepared from formaldehyde, HC1 and tetrahydro- 
furan. The reaction of sodium thiosulphate with 4, 4-dichloro- 
butyl formal gave an 80% yield of a product containing 13% 
of ethylene glycol. " " 

25 NMR: chemical shifts in ppm with dimethylsilylpropane 

sulphonic acid sodium salt, in D o 0. 

_ 1 2-3 4 _f 5 * 

^a0 3 SSCH 2 (CH 2 ) ^ 

1: 3.16 (T) 

2-3: 1.62, 1.90 (M) 

30 - 4: 3.68 . (T) - 

5: 4.78 (S)* 
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EXAMPLE 9 

This Example describes a general procedure for the 
preparation of new compounds of the invention that are 
nickel or cobalt salts. 
5 200 Gr. of commercial cation exchange resin in the 

H + form is placed in a glass column and treated with a 
solution of 60 gr. of HiSO^SHgO or CoCl 2 .6H.O in 100 ml of 
water. The column is then washed with distilled water until 
the eluate is colourless and neutral. A solution of 10 gr. 

10 of the bisthiosulphate sodium salt in 100 ml. of water is 
then slowly passed through the column, followed by 100 ml 
of distilled water. . The eluate is evaporated under vacuum, 
giving a quantitative yield of the nickel or cobalt salt 
based on the sodium salt. By the procedure, there are 

15 prepared the following nickel and cobalt salts. 

0[jCH 2 ) 4 S 2 0g 2 Ni 0QCH 2 ) 4 S 2 6£[ 2 Co 

CH 2 [0CCH 2 ) 4 S 2 02Ni CH 2 [5(CH 2 ) 4 S 2 OJ]CO 
C 6 H 1o (CH 2 S 2 0 3 ) 2 Ni _ t C6H o <CH 2 S 2 0 3 ) 2 Co 

(03S 2 (CH 2 ) 3 C00(CH 2 ) 4 S 2 07|Ni ^S^CEJ I3COO CCH^S^ Co 
20 [0 3 S 2 (CH 2 ) 5 C00(CH 2 ) 4 S 2 CgNi Q> 3 S 2 (CH 2 ) 5 C00 (Ciy^O^] Co 

JO 3 S 2 (CH 2 ) 3 COO(CH 2 ) 6 00C(CH 2 ) 3 S 2 O^] Ni 

1^3 S 2 (CH 2 ) 3 i:OOCCH 2 ) 6 OOC(CH 2 ) 3 S 2 0 i] Co . 
[5 3 S 2 (CH 2 ) 10 COO (CH 2 CH 2 0) 3 OC(CH 2 ) ^ 10 S 2 0^] Ni 

|03 S 2 (CH 2 ) 10 CO ° (CH 2 CH 2 0) 3 OC(CH 2 ) ^oj Co 
25 [o 3 S 2 (CH 2 ) lo C0O (CH 2 CH 2 0) 2 0C (CH 2 ) ^O^J Ni 

[0 3 S 2 (CH 2 ) 1Q COO (CH 2 CH 2 0) 2 0C(CH 2 ) Co 
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are 



Also prepared by the above procedure ^ 

Jo 3 S 2 (OT 2 ) 5 S 2 o£jNi (03 S 2 (CH 2 ) 5 S 2 0 i] Co 

[°3 6 S 2°3 Ni ^^B^ 0 ! 00 

[0 3 S 2 (CH 2 ) 8 S 2 02Ni (03S 2 (CH 2 ) 8 S 2 o7]Co 

(0 3 S 2 (CH 2 ) 10 S 2 03Ni gs S 2< CH 2>ipV3 C ?- 
[03S 2 (CH 2 ) 12 S 2 02Ni ^3 S 2 (CH 2>12. S 2 C 3 Co 



EXAMPLE 10 

This Example describes the preparation of hexamethyl ene bis 
(thiosulphate) potassium salt. 

0 A mixture of 1 ,6-di chlorohexane ( 54.6 9 » 0.35 ^ ) and K2 S 2°3 H 2° 
(l63.%A0.75'mbl') in a mixture of water ( 230ml ) and ethanol ( 230mi; 
was he'ated in an autoclave at 135°C. for 8 minutes. The 
solution thus obtained was filtered while still hot, and the 
filtrate was cooled to -1Q°C to yield a solid which was 

15 collected by centrifuginc. The solid was recrystall i sed from 
250 ml. aqueous ethanol to give 98g of hexamethyl ene bi s (th io- 
sulphate) potassium salt. 
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are 



Also prepared by the above procedure ^ 

l°3 S 2 (C V 5 S 2°£! N1 L?3 S 2< CH 2> 5 S 2°i] C ° 

|03S 2 (CH 2 ) 6 S 2 o2 Ni j0 3 S 2 CCT 2>6 S 2°U CO 
[0 3 S 2 (CH 2 ) 8 S 2 03jNi f0 3 S 2 (CH 2 ) 8 S 2 0^]Co 

{0 3 S 2 (CH 2 ) 10 S 2 Og N i " nW ra 2>*2°I] C ? 



EXAMPLE 10 ■ | 

! 



This Example describes the preparation of hexamethyl ene bis 
(thiosulphate) potassium salt. 

A mixture of 1 ,6-dichlorohexane ( 54.6 9> 0.35 ) and K 2 S 2 0 3 H 2 0 
(les.^Ao^mbl) 1 ^ a mixture of water ( 230ml ) and ethanol ( 230ml ] 
was heated in an autoclave at 135°C. for 8 minutes. The 
solution thus obtained was filtered while still hot, and the 
filtrate was cooled to -10°C to yield a solid which was 
collected by centrif uginc. The solid was recrystal 1 i sed from 
250 ml. aqueous ethanol to give 983 of hexamethylene -bis (thio- 
sulphate) potassium salt. 
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; EXAMPLE n 

This Example describes the preparation of * hexamethyl ene 
bis(thiosulphate) barium salt. 

•t 

A hot solution of barium chloride (BaCl 2 2 H^O; 217 g) "in water 
5 (450 ml) was added slowly to a hot solution of hexamethyl ene 
bi s ( thiosul phate) sodium salt (300 g as dihydrate) in^water 
(450 ml) with stirring over 5(3 min. The solution was cooled 
to yield a solid which was collected by filtration and dried 
(303 g; 81.7% yield). The barium content (by gravimetry) 
10 corresponded to 97.5% of [(CH 2 ) 3 S 2 oJ ^Ba. 2^0", and the sodium 
content was 2% calculated as NaCl. : 

' EXAMPLE 12 

This Example describes the preparation of (A) hexamethyl ene 
bis(thiosulphate) cobalt salt, and (B) de'camethyl ene bis(thVo- 

15 sulphate) diamtnonium salt. 

(A) Hexamethylene bis (thiosulphate)barium salt (135 g, 

0.275 mole) was dissolved in 1,350 ml of water. CoSO 

7 H 2 0 (101 g, 0.276 mole) in 150 ml H^O was added over 

35 minutes to the well stirred barium salt solution. The '■- 

20 resulting slurry was agitated for two hours. Filtration, 
followed by evaporation of the filtrate afforded a pink 
''solid': 131 .2 'g. ; 

Elemental analysis : Found : * - 

C 14.44%, H .4.18%, S 25.60%, Co 11.88%, Na 1.97%. 
25 This analysis corresponds closely with that calculated 

for hexamethylene bis (thiosul phate) cobalt salt hexahydrate 
( C 6 H 24°1 2^4 Co ) contaminated with 5% by weight NaCl . 
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(B) Decamethylene bf s ( thi osul phate ) di ammoni urn" salt was 
prepared from decamethylene bi s (thi osul phate ) barium 
salt (itself prepared from decamethylene bis(thiosul- 
phate) disodium salt by a procedure similar to that of 
Example 11) by essentially the same method as that des- 
cribed in Part (A) but using ammonium sulphate in place 
of cobalt sulphate- 
Elemental analysis : 

Calculated : C 29.98, H 7.04, N 6.99, S 32.01 
Found : C 29.81 H 7.15, N 6-84, S 31.83 
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Hexamethyl ene bi s (thiosulphate) lithium salt (D) was also 
prepared by cation exchange from the sodium salt. It was 
found possible to purify the lithium salt by recrys tal 1 i sati on 
from a mixture of equal volumes of propanol and toluene, a 
5 solvent in which HTSNa is insoluble. 

EXAMPLE 15 

This Example describes the preparation of compounds where M 
in the general formula represents a substituted ammonium ion. 

(A) N-(l ,1 ,3,3-tetramethyl butyl )benzylamine (8.8 g, 0.04 mole) 
10 in 200 ml of water-methanol (1/1) mixture was treated with 
HC1 (to pH 4). To the resulting clear solution was added 
hexamethylene bi t s(thiosulphate) sodium salt dihydrate (7.8 g, 
0.02 mole) in 100 ml HgO. The resulting slurry was cooled to 
0°C and fil+ered. The product was washed with water and dried. 
15. Yield : 13.6 g(37%)of hexamethylene bi s ( thi osul phate ) N-(l s l, 
3, 3-tetramethyl butyl )-N-benzyl ammonium salt, m.p. 149-L51°C. 

Analysis : Found : C 57.81, H 8.43, N 3.66, S 17.30. 

Calculated for C 36 H 6 2 N 2°6 S 4 : 

C 57.71, H 8.61, N 3.74, S 17.12. 

20 (B) N-tert-butylbenzyl amine (0.2 mole, 32.6 g) was treated " • 
in 200 ml of water with dilute HC1 (to pH 5). Hexamethylene 
bis(thiosulphate) sodium salt dihydrate (0.1 mole,, 39 g) in 
400 ml H 2 0 was added, and the volume of the resul ting solution . 
was reduced by evaporation to about 200 ml. The precipate 

25 which formed was collected and dried at room temperature under 
vacuum. 

Yield : 60 g (95%) of hexamethylene b i s ( thi o sulp hate ) N-tert- 
butyl-N-benzylammonium salt. 

(C) N-isopropyl-N'-phenyl-p-phenylenediamine (.226 g, 1 mole) 
30 was dissolved in ethanol (500 ml), and H 2 S0 4 (96% 3 51 g, 0.50 mole) 
dissolved in 100 ml EtOH, was added dropwise' to the stirred 
amine solution. The sulphate which precipitated was collected 
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by filtration, washed with ethanol and dried (258' g, 94% yield) 

The above sulphate (27 g, 0*1 mole) was. dissol ved in methanol 
(300 ml), and hexamethyl ene bis (thiosul phate) sodium salt 
dihydrate (19.5 g> 0*15 mole) in 600 ml of warm methanol was 
5 added. The precipitated Na 2 S0 4 was filtered off, and the 
- filtrate was evaporated to dryness under vacuum. Yield : 34 g* 
(92%)of hexamethyl ene bi s (thiosul phate) N-isopropyl-N'- (p- 
phenyl aminophenyl ) ammonium s'alt. 

- *T 

... 

(D) 1 ,4-bis(chloromethyl )cyclohexane (0.165 mole), sodium 
10 thiosulphate pentahydrate (0.369 mole) sodium sulfite (6.1 g), 
methanol (150 ml), and water (150 ml) were charged into an 
autoclave and heated at 135°C for 45 minutes. To the cooled 
reaction mi xture, whi ch was a solution of 1 ,4-diniethyl.cyclo- t 
hexane- ,<< -bis(thiosulphate) sodium salt, 400 ml of water 
15 was added . 

N-tert-butylbenzylamine (0.306 mole) in 150 ml methanol and 
850 ml H 2 0 was adjusted with concentrated HC1 to pH 4, and the 
resulting solution was added with stirring to the thiosulphate 
solution. The white precipitate was filtered, washed with 
20 water and dried. Yield : 92 g,(913:)of 1 ,4-diraethyl cyclohexane- 
e< ,<K -bis(thiosulphate) N-tert-butyl , N-benzyl ammonium salt. 

EXAMPLE 16 

This Example describes the preparation of compounds where H 
in the general formula represents an ion derived from a.cation- 
25 forming organic nitrogenous base other than a. -simple amine. 

(A) Dibromohexane (24.3 g, 0.1 mole) and thiourea (15.2 g, 
0.2 mole) were refluxed for. two hours in 200 ml of ethanol. 
200 ml of water was added and the resulting solution cooled 
down to room temperature. Hexamethyl ene bis (thiosulphate) 
30 sodium salt dihydrate (39 g, 0.1 mole) in 100 ml HgO was 
added dropwise with good stirring. 



The resulting slurry was cooled down to 0 C and filtered. The 
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filter cake was washed with ice-water and dried to give 50.1 g 
(92% yield) of hexamethyl ene bis (thiosulphate) l,6-bis(iso- * 
thiouronium ) hexane salt. 

. (CNH 2 ) 2 CS-<CH 2 ) 3 ] 2 ++ (0 3 S 2 -(CH 2 ) 3 ] 2 " , m p. 240°C. 

5 Analysis : Found : C 30.87, H 5.92, N 10.28, S 35.31 
Calculated' for c 14 H 32 N 4 0 6 S 6 

C 30.41, H 5.58, N 9.58, S.32.79. 



(B) 10.2 g (0.1 mol) of 96% H 2 S0 4 were added to a solution 
of 2,2,4-trimethyl-l-2-dihydroquinoline (34.6 g, 0,2 mol) in 

10 300 ml methanol. To this solution, a solution of hexamethyl ene 
bis(thiosulphate) sodium salt dihydrate (39 g, 0.1 mol) in 
300 ml hot methanol was added slowly. The precipitated sodium 
sulphate was filtered off and the filtrate was evaporated to 
dryness giving 45 g of hexamethyl ene bi s ( thiosul phate) 2 ,2 , * 4- 

15 trimethyl-1 ,2-dihydroquinol inium salt. 

(C) A glass column was loaded with- 300 g of 
strong acid ion exchange resin (1.8. me /ml) to which was 
added a solution of 30 g of guanidinium hydrochloride in 

• 150 ml water. The column was washed with 300 ml distilled 
20 water. A solution of 35 g of hexamethyl ene bis (thiosulphate) 
sodium salt in 400 ml water' was then passed through the 
column and the percolate was evaporated to dryness. The ' 
recovered solid 

^h 2 ) 2 cnh: 2 ]* [o3VCch 2 ) 3 ]^ 

25 57.5 g (79.2%) had m.p. 172-175°C. 



Analysis : Found : C 22.24, H 5.33, N 19.80, S 27.56- 

Calculated for C Q H„ . N C S. 0 C 

8 24 6 4 6 

C 22.43, .H5.61, N 19.83, S 29.91. 
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A solution of hexamethyl ene bis (thiosulphate) 
sodium salt (100 g, 01282 mol) in 500 ml of water at 
70°C was added slowly to a stirred solution of 133 g (0.568 
mol) of diphenylguanidine hydrochloride in 700 ml water. 
5 The mixture was cooled and the solid which separated was 
collected. Recrystall isation from a mixture of equal parts 
by volume of methanol -and "toluene gave 154 g (77.1%) of 
hexamethyl ene bis (thiosulphate) bis (diphenyl guanjdini-um) 
salt, m.p. 151-153°C. . . .;/. 

* 

0 Analysis : Found : C 52.25, H 5.54, N 11.39, S 17:38. . 
Calculated for C 32 H 35 N g S 4 0 g 

C 50.85, H 5.65, N. 11 .86, S 18.08 _ , . 



- 43 - 



00701 43 



(E) N ' N, -D'i(l,4-dimethylpenty1)-p-phenylenediamine 
(3.04 g; 0.01 mole) was dissolved in isopropyl alcohol 
{50 ml) and treated with 1.02 g of 96% HgSO (0.01 mole). 
The resulting precipitate was filtered, and after 
washing with isopropyl alcohol, i t was dissolved in 
methanol (50 ml). The solution thus obtained was mixed 
with a methanolic solution of hexamethyl ene bis thio- 
sulphate, sodium salt (4.1 g of a 86% purity product, 

0. 01 mole), the precipitate which formed (Na ? S0 ) 
was filtered off and the resul ti ng . cl ear solution" 
evaporated to dryness. The residue was crystallized 
from absolute ethanol to give 2.1 g, (34%) of the 

N.N -di(l,4-dimethylpentyl)-p-phenylenediamine salt of 
hexamethylene bis thiosulphate.' * 

1. R. spectrum : 3,450 cm" 1 NH 

1,940 1,590 1,520 cm" 1 
1,240 1,170 1,030 640 cm" 1 -s 2 0 

1 HNMR confirmed the 1:1 ratio of amine .' hexamethylene 
bis thiosulphate moieties. 

(F) A solution of benzyl isothiouroniura chloride 

(40.5, 0.2 mole) in 100 ml of water/ethanol (l/l) was 
added to a solution of hexamethylene bis thiosulphate 
sodium salt (41g of 86% purity, 0.1 mole) in 100 ml H 0 
The precipitate which formed immediately was stirred for 

0. 5 hour at room temperature, then filtered off and dried - 
under vacuum to give 57.3 g, (89.1%) of hexamethylene 

bis thiosulphate bis benzyl isothiouronium salt, m d 
133-135°C. P * 

1. R. spectrum :. 1,215 "1 ,170 1 ,025 645 cm" 1 Thiosulphate 
, 1 ,670 - 720 700cm - 1 B-enzylisothiouronium 

HNMR confirms the. 1:2 ratio of hexamethylene bis thio- 
sulphate to benzylisothiouronium. 
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EXAMPLE 17 

This Example describes the preparation of di-n-hex_ylsul phone-6 
6'-bis(thiosulphate) sodium salt NaOgS^ (CH^gSO^CH^S^Na. 

The overall route was : 
H0(CH 2 ) 6 0H + HCT- > HOCCH^gCl + 

(1) 

2 (1) + Na 2 S : »H0(CH 2 ) 6 S(CH 2 ) 6 0H 4- 2 RaCl - 

• en) : t . " 

II + 2 SOClg- ^ C1(CH 2 ) 6 S(CH 2 ) 6 C1 + S0 2 . + 2>C1 ' 

(HI) 

III + 2C & H 4 C1C000H— ^ C1(CH 2 > 6 S0 2 (CH 2 ) 6 C1 

(IV) 

IV + 2Na 2 S 2 0 3 - >Na0 3 S 2 (CH 2 ) 6 S0 2 (.CH 2 ')gS 2 0 3 Na * 2 Ma ;C1 



0070143 

- 45 - 

Procedures 

Compound I was prepared according to Organic Syntheses, Coll. 
VoK 3. p. 446-448. 

Compound^ II was prepared from I, (0.3 mole; 42 g) and Na^S 
5 9H 2 0 (0.15 mole: 36 g) dissolved in 60 ml H 2 0 and 60 ml EtOH. 

The mixture was refluxed with stirring for ca. 18 hrs. 
The solution was evaporated under vacuum and the residue extracted 
with 130 ml of ether in two portions. The combined extracts 
were dried and evaporated. The residue was crystallized twice 
10 from petrol/l-toluene/2, yield 16.8 g, 48%, m.p. 46 - 48°C. 

A repeat preparation yielded a crude product (89%), m.p. 
43-46°C, which on recrystal 1 i sation gave a yield of 71% a m.p. 
50-51°C, 

Compound III was prepared from II, (135g, 0.57 mole) and pyridine 
(5 ml) stirred in a flask fitted with reflux condenser to which 
CHC1 3 (1000 ml) was added, followed by the dropwlse addition of 
S0C1 2 (107 ml) over 50 minutes. 

The mixture was kept at 40°C for 5 hrs. Water (200 ml) was 
cautiously added to the cooled mixture. Work-up of the organic 
layer afforded oily liquid (175 g), which by distillation at 
0.07 mm Hg gave 81 g (52.4%) of III distilling at 158-160°C. 

Compound IV was prepared from III (20 g; 0.074 mole) in" 
CH 2 C1 2 (150 ml) by treatment at 35°C (under reflux) with 8.5% 
meta-chloroperbenzoic . acid (37.5 g, 0.185 mole) in ether (150 ml) 
over 1 .75 hr. 

The resulting mixture was washed with 2 M NaOH (200 ml), 
the organic layer evaporated under vacuum (crude yield 22.3 g, 
100%, m.p. 45-51 °G) and the residue crystallized from toluene- 
petrol 1/2. Yield 18.6 g (83%) m.p. 50-52°C. 
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Compound IV (15.4. g, 0.05 mole), Na 2 S 2 0 3 5H 2 0 (25. g; 0.1 mole), 
water (50 ml) and methanol (25 ml) were charged to an autoclave 
and heated to.!35°C for 20 min. The mixture was filtered hot 
and the filtrate was cooled to -30°C. Compound V crystallised 
5 from the solution and was collected by centri f ugati on . * 
Yield : 18.8 g. 

EXAMPLE 18 

This Example describes the preparation of a compound in which 
two thiosulphate radicals are linked by a bridging group 
10 containing nitrogen. 

(a) Preparation of Ntl 2 jjCH 2 ) 5 Cl ] 2 C1" 

6-Bromohexanol (100 g, 0.553 mole) and concentrated ammonia 
(390 ml, 2.75 mole) were heated to 100°C in an autoclave for 
1 hour. The cooled mixture was evaporated to dryness 'under 
15 vacuum, and 220 ml of 2.5 N NaOH (0.55 mole) were added. 

6-Bromohexanol (0.55 mole) was added to the above solution, 
and the mixture was boiled under reflux for 2 hours. Water 
was removed by evaporation and the residue neutralised with 
NaOH (0.55 mole) as above. An organic phase consisting 
20 essentially of NH [(CH^OH ] 2 separated and was collected. 

NH r( CH 2)e 0H l2 (32 ' 6 9s °' 15 mol) waS added ° Ver 1,25 h ° UrS 
to SO CI ( 42.8 g) in CHC1 3 ( 30 ml). The solution was kept 

overnight and then refluxed for 30 minutes. CHC1 3 was 

evaporated giving 32.9 g (75.5%) of + NH £ £(CH 2 ) 6 C1 ] 2 C1 .. 

25 Preparation of bi s (thi osul phate) . 

" A mixture of + NH 2 [(CH 2 ) 5 C1 ] ^l" (25 g, 0.086 mol ) and 

Na 2 S 0 5H 2 0 (42.6g,0.172 mol) in 80 ml H 2 ° and 50 ml methanol 
was heated at 130°C for 7 minutes in an autoclave. The 
resulting solution was evaporated to dryness and the residue 

30 was extracted with hot methanol. Evaporation of the extract 
gave 35.6 g (88.6%) of + NH 2 [(CH 2 > 6 S 2 0 3 Na ] Cl" as a white 
solid (main I.R. absorptions were those of organic thiosulphate 
esters : 1 ,200 1 ,025 640 cm" 1 ^ 
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'Analysis : Found : C 30.08, H 5.56, N 2.67, S 25.66 
Calculated for Cj gHggNS^gNa CI 

C 30.85, H 5.61, N 3.00, S 27.46 
EXAMPLE 19 

5 This Example describes the preparation of a compound 

containing three thiosulphate radicals linked through an 
organic bridging group containing nitrogen. 

.NH £(CH 2 ) g 0H^| 2 (40 g), prepared as described in the previous 
Example, was reacted with 6-bromohexanol (18.2 g) by 
10 heating in 50 ml butanol under reflux (105°C) for 2 hours. 
Butanol was then evaporated under vacuum, and the resulting 
oil neutralized with .NaOH and distilled under vacuum. The 
main fraction, distilling at^!90°C was found by NMR to 
be essentially pure tri (6-hydroxyhexyl ) amine.. 

15 N fr CH 2 )6 0H J3> ( 25 9 » °- 055 mole) V was added over 1,25 hour 
to S0C1 2 (24 g» 0.2 mole) in CHC1 3 (25 ml). The solution 
was kept overnight and then refluxed for 30 minutes. 
CHC1 3 was evaporated, and the residue used as such in the 
following stage : 

20 12 g were reacted with Na_S 9 0 5H 0 (20 g) in H 9 0 (40 ml) 

c c o 2. q ^ 

and methanol (20 ml) for 5 minutes at 135 C in an auto- 
clave. The cooled solution was treated with charcoal, 
filtered, and the filtrate was evaporated. The residue 
was extracted with hot methanol, and the extract, after 

25 filtration, was evaporated to yield 14.6 g, (71%) of an 
' off-white solid. I. R. showed disappearance of CH 2 C1 
absorption band, and presence of organi c thi osul phate 
absorption bands. Na + 'analysis is in agreement with 
general structure : 



30 



+HN [(CH 2 ) 5 S 2 0 3 Na] 3 Cl 
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EXAMPLE 20 
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10 



This Example describes the preparation of a : compound 
containing four thiosulphate groups. 

6-bromohexanoic acid (72.4 g s 0.37 mole) 
and pentaerythritol (12.25 g, 0.088 mole) were refluxed in 
toluene, in a Dean and Stark device for two hours in the 
presence of 6 ml H,,S0 4 . The bl ack sol id whi ch 'separated 
was filtered off and the solution neutralised with aqueous, 
caustic. Separation, washing and evaporation of the organic 
phase afforded 45 g. of an oil consisting mainly of 



puad *• • • - • — 

C FCH, 0C0CCH ? ) 5 Brl - showing I.R. absorpti 
C = 0 ester : 1,720 cm" 1 . CH 2 Br : 730 640 



ons as follows 
560 cm -1 . 



t 

The above tetrabromide (30 g, 0..035 mole) 
and Na,S,0 ,5 H_0 (33.5 g, 0.135 mole) dissolved in 50 ml 
15 H 2 0 - 50 ml ethanol were heated to 135°C for 5 min. in an 
autoclave. 

After cooling, the reaction liquor was treated with active 
charcoal, filtered and evaporated. The residue was extracted 
with- methanol (150 ml) and the solution poured into 800 ml 
20 of isopropanol. The slurry was cooled down to -10 C and 
filtered. The dried product, C [CH 2 0C0(CH 2 ) 5 S 2 0 3 NaJ 4 
weighed 27 g (72.5% yield). 

EXAMPLE 21 

This Example describes the preparation of „ polythiosul phatas 

(a) 6-bromohexanoic acid (45 g, 0.23 mole) 

i'n 200 ml CH,C1, was treated with S0C1 2 (35 g, 0.295 mole) 
in a flask fitted with a gas outlet through an efficient 
condenser. The reaction was left overnight. The resulting 
solution was then added to a suspension of polyvinyl alcohol 
30 (38 g of 1st hydrolysed PVA, Mw 2,000) in CH 2 C1 2 (300 ml). 
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The reaction was allowed 2 days at room temperature to 
achieve completion. The resulting solution was 
evaporated to dryness, redissolved in 100 ml CH 2 C1 2 
and precipitated in 500 ml of di ethyl ether to remove 
5 any 6-bromohexanoi c acid. The average formula of 
the so-obtained polymer was approximately : 
{CH-CH 2 -(CH-CH 2 ) 2 CH-CH 2 : j- n 

•CCQCE^ | OH AcO(CH 2 ) 5 Br 

(b). 35 g of the above polymer was added to 
10 a 1/1 water - methanol solution of 40 g Na 2 S 2 0 3 5 H 2 0. 

The mixture was refluxed for 1.5 hour, (until it became 
homogenous). Evaporation to dryness, followed by 
extraction with absolute methanol afforded a solution 
which was allowed to evaporate as a film on a large dish. 
15 Yield : 24 g of a rubber-like translucent polymer. 

I.R. showed the usual organic thiosulphate absorption 
bands 1,200 1,040 640 cm -1 . 

B. (a) Preparation of poly(l-chloro-2,3-epoxy- 

propane). Epichlorohydrin (0.2 mole; 18.5 g) was care- 

20 fully added to A1C1 3 (0.023 mole; 3.1 g) in 10 ml of 
dried nitrobenzene. 20 ml of water were added to the 
reaction mixture, and the organic layer was decanted 
and dried over CaSO^. The solvent was removed and the 
brown liquid residue (13.9 g) was washed with petroleum 

25 ether to eliminate the last traces of nitrobenzene. 
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(b) preparation of polythiosulphate. A mixture 
of sodium thiosulphate (0,15 mole; 37.8 g) and ethylene 
glycol (1.34 mole; 75 ml) was heated to 130°C. - 140°C„ 
and water was distilled off. After cooling to : 120°C; 
5 13.9 g of the polyepichlorohydrin from (a) was added over 
a period of 5 minutes and the reaction mixture was 
stirred for 15 minutes- at 120 -125°C. The reaction 
mixture was; then cooled and filtered to remove NaCl. 
The filtrate was poured into 1 liter of well stirred 
lO isopropanol, and a solid precipitated. This was filtered 
and recrystallised from a methanol/isopropanol (500 ml/ 
lOOO ml) mixture, to give, after drying, 20.5 g. of a . 
polymer of units 

CH~S 0 0_Na . * * 

" - 0 - CH 2 - CH - 
15 as a brown solid. 
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EXAMPLE 22 

This Example illustrates the use of vulcanisation 
stabilisers according to this invention in natural rubber 
vulcanisates. 

A masterbatch having the following composition was 
prepared : 

Parts by Weight 

Natural rubber , 100 

Carbon Black .50 

Zinc Oxide 5 

Stearic Acid 2 

Processing Oil 3 

N-phenyl-N' - (1, 3- 

dimethylbutyl) -p-phenyl- 

enediamine (Antidegradant) 2 
Portions of the masterbatch were taken and mixed with 
sulphur, 2 (morpholinothio) benzothiazole and the stabiliser 
compound in the proportions 2.5, 0.7 and 3.0 parts by 
weight respectively per 100 parts by weight of rubber. 
The stabiliser was actually introduced into the mixture 
as a suspension of finely- ground solid in an equal weight 
of processing oil. A further portion of masterbatch to 
which only sulphur and 2 (morpholinothio) benzothiazole 
were added was used as a control. 

The curing characteristics of the vulcanisable 
compositions thus obtained and the physical properties 
of the vulcanisates were determined as described above. 

The results are given in Table*! below in which 
A is decamethylene bis (thiosulphate) disodium salt hydrate 
B is hexaraethylene bis (thiosulphate) disodium salt hydrate 
C is pentamethylene bis (thiosulphate) disodium salt hydrate 
D is ethylene bis (thiosulphate) disodium salt hydrate 

E is cyclohexylene- 1,;4 -dimethyl en e -bis (thiosulphate ).disodium 
salt hydrate. 



-52-1 
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The beneficial effect of the stabiliser compounds 
on the ageing effect commonly referred to as "reversion" 
is shown by comparison of the percentage retention of 
300% modulus during overcure of the samples containing 
5 stabiliser compounds with that of the control. The 
beneficial effect on flex-life of the presence of a 
stabdliser compound is also apparent. 

EXAMPLE 2 3 

This Example illustrates the use of a vulcanisation 
10 stabiliser according to this invention in a blend of 
natural rubber and butadiene rubber. 

A masterbatch having the following composition was 
prepared z 

' Parts by Weight 

15 Natural rubber 70 

Butadiene rubber 30 
Carbon Black 50. 
Zinc Oxide 5 
Stearic Acid 2 
20 Processing Oil 6 

N-phenyl-N' - {1, 3-dimethyl- 
butyl) -p-phenylenediamine 
(Antidegradant) 2 
A portion of the masterbatch was taken and mixed 
25 with sulphur and 2 (morpholinothio) benzothiazole in the 
proportions 2.5 and 6.7 parts by weight respectively per 
100 parts by weight of rubber to give a control. A 
further portion was mixed with the same amounts of 
sulphur and 2 (morpholinothio) benzothiazole and with 
30 3.0 parts by weight of decamethylene bis (thiosulphate) 
disodium salt hydrate, -"(A), introduced as a dispersion 
of the finely -powdered solid in an equal weight of 
processing oil. 



/ 
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The curing characteristics of the vulcanisable 
compositions thus obtained and the physical properties 
of the vulcanisates were determined as described above. 
The results are given below. 
5 ■ Stabiliser Compound 



Cure time at 140 C. (mins.) 
300% modulus (MPa) 



None 



50 200 
126 111 



60 200 
122 126 



The beneficial effect on reversion is shown by comparison 
10 of the 300% modulus figures. For the control the modulus 
after 200 minutes cure had fallen to 88% of the maximum 
modulus^ while the 300% modulus of the mixture containing 
the stabiliser compound • cured for 200 minutes was slightly 
higher than the modulus after 60 minutes cure (indicated 
15 by the Rheometer to be the time to maximum modulus) . 

. EXAMPLE 2A 

A control sample and samples containing 3.0 parts by 
weight of stabiliser compound were prepared from a master- 
batch as in Example 1. Results of tests are given in Table 
20 * below in which F is decamethylene bis {methyl thiol- 

sulphonate) and G is' decamethylene bis (p-tolyl thiol- 
sulphonate) . 





None 


F 


G 


25 


Cure time at 140^C. 
(mins . ) 

300% modulus (MPa) 
Resilience (%) 


40 200 

16.0 13-5 
68.9 57.9 


60 200 

17.7 18.1 
68.6 61.2 


60 200 
17.9 17.5 




% retention of 
modulus during 
over cure 


84 


102 


98 




% retention of 
resilience during 
overcure 


84 


89 
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The beneficial effect of the stabilisers on modulus is 
apparent from the figures. The resilience figures show 
that this property is less affected by overcure in the 
presence of the stabiliser than in its absence. 

EXAMPLE 25 

In the following Example, a masterbatch having' the same 
composition as that of Example 22 but prepared from a 
different lot of natural rubber, was used. Portions' of the 
masterbatch were taken and mixed in a Banbury mixer with 
sulphur, 2(morpholinothio) benzothiazol e and the stabiliser 
compound in the proportions 2.5, 0.7 and 3.0 parts by 
weight per 100 parts by weight of rubber. A further portion 
of the masterbatch to which only sulphur and. 2 (morphol i nb- 
thio) benzothiazol e were added was used as a control. The 
curing characteristics of the vulcanisable compositions 
thus obtained and the physical properties of the vulcani- 
sates were determined as described above. 

The results set out in Table 3 below show' improved retention 
of modulus and resilience on overcure. 
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EXAMPLE 26 

In the following Example a masterbatch having the same 
composition as that of Example 22 but prepared from a 
different lot of natural rubber, was used. Portions of the 
masterbatch were taken and mixed in a Banbury mixer with 
sulphur and 2(morphol inothio) benzothi azol e in the propor- 
tions 2.5 and 0.7 parts by wei ght respective! y per 100 
parts by weight of rubber, and with the stabiliser compound 
in the amounts (in parts by weight per 100 parts by weight 
of rubber) shown in Table 4 below. A further portion of 
the masterbatch to which only sulphur and 2(morphol inothio ) 
benzothi azol e were added was used as a control. 

The curing characteristics of the viilcanisable compositions 
thus obtained and the phy si cal properti es of the vulcanisates 
were determined as described above. 

The results set out in Table 4 below show that all the 
compounds exhibit modulus retention on overcure, the compound 
of Example 1 5A showing good activity at the relatively low 
(1.7 parts oer 100 parts rubber) used. Fa ti gu e proper ties 
are especially good with the compound of Example 15C. 
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EXAMPLE 2 7 

In the following Example, a masterbatch having the same 
composition as that of Example 22 but prepared from a 
different lot of natural rubber, was used. Portions of 
the masterbatch were taken and mixed in a Banbury mixer 
with sulphur, 2(morphol i nothi o)benzothi azole and the 
stabiliser compound in the prportions 2.5, 0.7 and 3.0 
parts by weight respectively per 100 parts by weight of 
rubber. A further portion of masterbatch to which only 
sulphur and 2 (morphol i nothi o )benzothi azol e were added 
was used as a control. 

The curing characteristics of the vulcanisable compositions 
thus obtained and 'the physical properties of the vulcanis- 
ates were determined as described above. 

The results are given in Table 5 below. The results show 
that the presence of the stabiliser compound provides 
good retention of,or an increase in,3003£ modulus on 
overcure. Also percentage retention of resilience on 
overcure is significantly higher than that of the control. 
Blow-out time in the Goodrich flexometer test increases 
during overcure on all stocks except the control, the 
increase being especially marked for the compounds of 
Examples 12, 13, 14A and 1 4B (cobalt, nickel, zinc and 
magnesium salts). 
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EXAMPLE 28 

In the following Example a masterbatch having the same 
composition as that of Example 22 but prepared from a 
different lot of natural rubber was used. Portions of the 
masterbatch were taken and mixed in a Banbury mixer with 
sulphur, 2(morp- olinothio)benzothiazole and the stabiliser 
compound in the proportions 2.5, 0.7 and 3.0 parts by weight 
per 100 parts by weight of rubber. A further portion of the 
masterbatch to which only sulphur and 2(morphol inothio) .- 
benzothiazol e were added was used as a control. 

The curing characteristics of the vulcanisable compositions 
thus obtained and the physical properties of the vulcani- 
sates were determined in the manner described above. 

Stocks containing stabilising compounds all exhibited 
greater percentage retention of modulus than the control, as 
shown by the results set out in Table 6 below. 
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1. A vulcanisable rubber composition comprising 
a diene rubber, sulphur and a vulcanisation accelerator, 
characterised in that the composition also comprises a 
stabiliser material contai ni ng two or more groups of 

the formula 

-S-S0 2 R 

where R represents (a) a radical OM where M is a 
monovalent metal, the equivalent of a multivalent metal, 
a monovalent ion derived by the addition of a proton to 
a nitrogenous base, or the equivalent of a multivalent 
ion derived by the addition of two or more protons to a 
nitrogenous base, or (b) an organic radical selected 
from aliphatic, cycl oal i phati c , aromatic and hetero- 
cyclic radicals, and radicals which are combinations 
of any two or more such radicals, the groups of the 
, aforesaid formula being linked by an organic bridging 
group or attached to an organic polymer' chai n . 

2. A composition according to Claim 1 wherein, 
in a stabiliser compound, each group -S-S0 2 R is attached 
to a primary carbon of a bridging group,' or, in a 
stabiliser polymer, to a primary carbon atom in a side 
chain attached to the main polymer chain. 

3 # A composition according to Claim 2 whehein 

the stabiliser material is a compound having the formula 

Xf(CH 2 ) n ,CH 2 -S-S0 2 R] nI , 

where n' has an integral value of at least 1, n u has 

the value 2, 3 or 4 and X represents the remainder of the 

bridging group. 



0070143 

- 64 - . 
4> a composition according to Claim 2 wherein 

the stabiliser material is a compound having the formula 

R0 2 S-S-X -S-S0 2 R 

Where X* represents an alkylene radical or a radical 
comprising two or more alkylene units, pairs of such 
units being linked through an oxygen or sulphur atom, 
through a group -SO,,-, -NH-, -NH 2 + - , -N (C ] _ fi al kyl )- or 
-C00-, or through an arylene or cycl oal kyl ene radical . ■ 

5 " a composition according to Claim 4 wherein 

X V represents a C 2 or a C 5 _ lfi alkylene radical or a 
radical having the formula 

-. -(CH 2 ) a -0-(CH 2 ) a - 

-(CH 2 ) a -0-CH 2 -0-(CH 2 ) a -- 

-(CH 2 ) b -cyclohexylene-(CH 2 ) b - 

-(CH 2 ) c -C00-(CH 2 ) a - 

-(CH 2 ) c -C00-Y-00C-(CH 2 ) c - 

-(CH 2 ) c -S0 2 -(CH 2 )^- 

-(CH 2 ) C -NH*-(CH 2 ) C - 

wherein each a independently represents an integer of 
from 3 to 8, b represents an integer of from 1 to 4, 
c represents an integer of from 3 to 12, Y represents 
a group -(CH,) - or a group - (CH^H^CH,,™,,- where d 
represents an integer of from 1 to 5; and R represents 
a radical OM- 
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6. A composition according to Claim 4 wherein 

R represents a Q 1-2Q alky! radical * or a phenyl or 
(C 1-6 alky!)- phenyl radical. 

j 9 A composition according to any of Claims 1 

to 4 in which R in the formula -S-S0 2 R represents OM or 
a composition according to Claim 5, in which M represents 
an alkali metal or an equivalent of magnesium, calcium,., 
barium, zinc, cobalt or nickel, and the stabiliser 
material may also contain water of crystallisation. 

8. A composition according to Claim 7 in'which 

M represents sodium. 

g. A composition according to any of Claims 

1 to 4 in which R in the formula -S-S0 2 R represents OM 
or a composition according to Claim 5, in which M 
represents an ammonium ion or an ion 

R 2 NH3>R 2 R 3 NH 2 or R 2 R 3 R 4 NH + where 

each of R 2 , R 3 and R 4 independently represents a C^ 20 

alkyl group, a C 5 _ g cycloalkyl or al kyl cycl oal kyl group, 

a benzyl group, a phenyl group or a substituted phenyl 

2 3 4 

group, provided that not more than one of R , R and R 
is. a phenyl or substituted phenyl group. 

10. A composition according to Claim 9 in which 

M represents an ion R 2 R 3 NH + where one of R 2 and R 3 
is a C 4 _ 12 tert-alkyl group and the other is a benzyl 
group; or where one of R 2 is a C 3 _ 12 sec-alkyi group 
or a cyclohexyl group and the other is a 4-phenyl ami no- 
phenyl group . 
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11/ A composition according to any of Claims 

1 to 4 in which R in the formula -S-S0 2 R represents GM 

or a composition, according to Claim 5* in which M represents 

a guanidinium or substituted guanidinium ion of the 

f o.rmul a 

NH 2 * • 

n * 

R 2 NH - C - NHR 2 
or a substituted i sothiouronium ion of the formula 




$H 2 = C - NH 2 

where each R 2 independently represents hydrogen, a 
C 1 2Q alkyl group, a C g _ g cycloalkyl or alkylcyclo- 
alkyl group, a benzyl group, a phenyl group or a sub- 
stituted phenyl group, and R 5 represents a C 1-2Q alkyl 
group, a C 5 _ g cycloalkyl or al kyl cycl oal kyl group or a 
benzyl group. 

12, A composition according to any of Claims 
1 to 4 in which R in the formula -S-SOgR represents OM 
or a composition according to Claim 5, .in which M 
represents an optionally ring-substituted 1,2-dihydro- 
quinolinium ion. 

13. Acomposition according to any of Claims 
1 to 4 in which R in the formula -S-S0 2 R represents OM 
or a composition according to Claim 5, in which M 
represents the equivalent of a divalent ion of the formula 

R^NH 2 -A-NH 2 R 2 
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where A represents a radical ~( C H 2 ) C - where c has a 

value from 2 to 20 or a phenylene radical, and each 

R 2 independently represents a C 1-2Q alky! group, a 

C 5 9 c y cloalkyl or alkylcycloalkyl group, a benzyl group 

or a phenyl or substituted -phenyl group, provided that 

neither R 2 is phenyl or substituted phenyl when A 

represents phenylene.. 

14. A composition according to Claim 13 in 

which A represents a para-phenyl ene radical and each R 2 
represents a C 3 _ 12 sec-alkyi group. 

T5 # A composition according to any of Claims 

1 to 4 in which R in the formula -S-S0 2 R represents OM 
or a composition according to Claim 5, in which M 
represents the equivalent of a divalent ion of the formula 



'"V /" 2 

>-S-(CH 2 ) c -S-C 
NH 2 V, 



or 



\c-NH-(CH 2 ) c -NH-C^ 2 
Hti£* K X NH 2 

where c is an integer from 2 to 20, 

15^ A composition according to Claim 2 wherein 

the stabiliser material is a compound having the formula 

M00 2 S-S-X , -S-S0 2 OM 
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where X* represents a C 5 _ 16 alkylene radical and M 
represents sodium or an equivalent of magnesium, calcium* 
barium, zinc, cobalt or nickel, which compound may also 
contain water of crystallisation. 

17. A composition according to Claim 16 wherein 
X in the formula represents a/Cg_j 0 al kyl ene radical, and 
M represents sodium or an equivalent of zinc, cobalt 

or nickel, and the compound may also contain water of 
crystallisation. 

18. A composition according to Claim 17 wherein 
the stabiliser compound is hexamethyl ene bi s (thiosul pha te ) 
sodium salt or a hydrate thereof. 

■jg^ .A composition according to Claim 2 wherein 

the stabiliser material is a compound having the formula 

MOC^S-S-x'-S-SC^OM 

where X represents a Cg_ 16 alkylene radical and M represents 
an N-tertiary (C 4-12 al kyl )-N-benzylammonium ion or an 
N(4-phenylaminophenyl )-N-(C 3 _ 12 sec-al kyl )ammonium ion. 

20. A composition according to Claim 2 wherein 

the stabiliser material is a compound having the formula 

MOC^S-S-V-S-SC^OM 

where X represents a radical 

-(CH 2 ) c -C00(CH 2 ) a - 

where a represents an integer from 3 to 8, c represents 
an integer from 3 to 12, and M represents sodium or an 



00701 43 



. r 69 - 

equivalent of magnesium, calcium, barium, zinc, cobalt 
or nickel, which compound may also contain water of 
crystallisation. 

21. A composition according to Claim 20 wherein 

the stabiliser compound is 

NaO 3 S 2 (CH 2 > 3 CO0(CH 2 ) 4 S 2 0 3 Na or 

Na0 3 S 2 (CH 2 ) 5 C00(CH 2 ) 4 S 2 0 3 Na. 

22* A composition according to any of Claims 

1 to 21 wherein the diene rubber is natural or synthetic 
cis-polyisoprene or a blend of rubbers containing at 
least 25% by weight of cis-polyisoprene. 

23. A composition according to any of Claims 
1 to 22 in which the amount of the stabiliser compound 
is from 1 to 5 parts by weight per 100 parts by weight 
of rubber. 

24. A composition according to any of Claims 
1 to 23 in which the vulcanisation accelerator is a 
benzothiazol e-2-sul phenamide. 

25. A vulcanisate that has been obtained by 
heating a composition according to any of Claims! to 24^ 
at vulcanisation temperature. 

26. A method of preparing a rubber vulcanisate 
having improved physical properties, which comprises 
incorporating sulphur and a vulcanisation accelerator 
into a diene rubber together with an yul cani sa te-stabi 1 i - 
sing amount of a material containing two or more groups 
of the formula 



-S-S0 3 M 
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where M represents a monovalent metal or the equivalent 
of a multivalent metal, a monovalent" ion derived by 
the addition of a proton to a nitrogenous base* or the 
equivalent of a multivalent ion derived by the addition 
of two or more protons to a^ nitrogenous base, the said 
material being a compound in which the groups . 
-S-S0 2 M are linked by an organic bridging group, or -a 
polymer in which the groups -S-S0 3 M are attached to an 
organic polymer chain, and heating the mixture thus 
obtained at vulcanisation temperature. 

27. A material containing two or more groups 

of the formula 

-S-SO3M ' 

where M represents a monovalent metal or the equivalent 
of a multivalent metal, a monovalent ion derived by the 
addition of a proton to a nitrogenous base, or the 
equivalent of a multivalent ion derived by the addition 
of two or more protons to a nitrogenous base* the said 
material being a compound in which the groups -S-S0 2 M 
are linked by an organic bridging group, or a polymer 
in which the groups -S-S0 3 M are attached to an organic 
polymer chain; provided that when the material is a 
compound having the formula 

1 

M0 3 S-S-X -S-S0 3 M 

and x' represents a radical -(CH 2 ) X - where x is an integer 
having a value from 2 to 7 inclusive, 10 or 12, a radical 

-CH -CH = CH-CH 2 -, a radical -CHgCOCH^, a radical 
-CH 2 CH 2 0CH 2 CH 2 -, a radical -CH 2 CH 2 S0 2 CH 2 CH 2 or a radical 
-fCHo) C^H„(CH„) - where n has a value from 1 to 3 and 

* 2 7 n 6 4 v Zn 
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C 6 H 4 is P^^Pheny 1 ene * W is not sodium; and provided 
that when X represents a radical -(CH^J-^M is not 
S-benzyl isothiouronium. 

28. A material according to Claim 27 wherein, 
in a compound, each group -S-SO M is attached to a 
primary carbon of a bridging group, or, in a polymer, 
each group -S-SOgM is attached to a primary carbon atom 
in a side chain attached to the main polymer chain. 

29. A compound according to Claim 27 having the 
formula 

MOgS-S-x'-S-SOgM 

where X represents an alk'ylene radical or a radical 
comprising two or more alkylene units, pairs of such 
units being linked through an oxygen or sulphur atom, 
through a group -S0 2 -, -NH-, -NH 2 + -, -N(C 1-g al kyl )- 
or -C00-, or through an arylene or cycloal kyl ene radical. 

30. A compound according to Claim 29 wherein 
X represents a or a C 5 _ 4Q alkylene radical or a 
radical having the formula 



-< CH 2>a 


-0-(CH 2 ) a - 


-(CH 2 ) a 


-0-CH 2 -0-(CH 2 ) a - 


-(CH 2 ) b 


-cycl ohexyl ene- (CH 2 ) fa - 


-(CH 2 ) C 


-C00-(CH 2 ) a - 


-(CH 2 ) C . 


-COO-Y-OOC-(CH 2 ) c - 


-< CH 2>c 


-S0 2 -(CH 2 ) c - 



0070143 

r- 72 - 

-(CH 2 ) c -NH-(CH 2 ) c - or. 

-(CH 2 ) c -NH 2 + -(CH 2 ) c - 

wherein each a independently represents an integer 
of from 2 to 20, b represents an integer of from 1 to 
10, c represents an integer of from 2 to 20, and Y 
represents a group -(CH 2 ) C - or a group - (CH 2 CH 2 0) d CH 2 CH 2 - 
where d represents an integer of from 1 to 5. 

A compound according to Claim 27 having 

N C CH 2 ) c" S_S0 2"°^3 
Hft[(CH 2 ) c -S-S0 2 -0M] 3 Har or 

c[ch 2 oco(ch 2 ) c -s-so 2 om] 4 

where each c independently represents an integer from 
2 to 20 and Hal" represents a halide ion. 

22, A polymer according to Claim 27 which is 

a polyvinyl ester or a partially esterified polyvinyl . 
alcohol in which at least 20% of the ester groups are 
groups having the formula 

-CO(CH 2 ) C -S-S0 2 OM 

where c represents an integer from 2 to 20; or a pb-lymer 
having repeating units of the formula 

CH o -S-S0 7 M 

-0-CH 2 -CH- 



31 . 

the formula 
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33. A material according to any of Claims 27 

to 32 in which M represents an alkali metal. or an 
equivalent of magnesium, calcium* barium, zinc, cobalt 
or nickel, and the material may also contain water of 
crystallisation. 

34 # a material according to Claim 33- in which 

M represents sodium. 

35 # A material according to any of Claims 27 

to 32 in which M represents an ammonium ion or an ion 

R 2 NH*, R 2 R 3 NH* or 

R 2 R 3 R 4 NH + where 

each of R 2 , R 3 and R 4 independently represents a C 1-2Q 
alky! group, a C 5g cycloalkyl or al kyl cycl oal kyl 
group, a benzyl group, a phenyl group or a substituted 
phenyl group, provided that not more than one of R 2 , 
R 3 and R 4 is a phenyl or substituted phenyl group. 

36. A material according to Claim 35 in. which M 

2 3+ 2 3 

represents an ion R R NH where one of R and R is 

a C 4 _ 12 tert-alkyl group and the other is a benzyl 

group; or where one of R 2 is a C 3 _ 12 sec-alkyi group 

or a cyclohexyl group and the other is a 4-phenyl ami no- 

phenyl group. 

37^ A material according to any of Claims 27 

to 32 in which M represents a guanidinium or substituted 
guanidinium ion of the formula 

NH 2 + • 
ii 

R 2 NH - C - NHR 2 
or a substituted i sothiouronium ion of the formula 
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SR 5 

t 

SH 2 = C - NH 2 

where each R 2 independently represents hydrogen, a 

C 1 20 alkyl group, a C 5 _ g cycloalkyl or alkylcycloal kyl 

group, a benzyl group, a phenyl group or a substituted 

phenyl group, and R 5 represents a Cj._ 2Q alkyl group, a ^ 

C q cycloalkyl or alkyl cycloalkyl group or a benzyl 

5—9 
group. 

38. A material according to any of Claims 27 

to 32 in which M represents an optionally ring-sub- 
stituted 1 ,2-dihydroquinol inium ion. . 

3g> a material according to any of Claims 27 to 

32 in which M represents the equivalent of a divalent 
ion of the formula 

R Z NH 2 -A-NH 2 R i 

where A represents a radical -(CH 2 ) c ~ where c has a 
value from 2 to. 20 or a phenylene radical, and each 
R 2 independently represents a C_ 20 alkyl group, a 
C g cycloalkyl or al kyl cycl oal kyl group, a benzyl 
group or a phenyl or substituted phenyl group, provided 
that neither R 2 is phenyl or substituted phenyl when A . 
represents phenylene. 

40. A material according to Claim 39 in which 

A represents a para-phenyl ene radical and each R 
represents a C 3 _ 12 sec-alkyl group. 

41 m a material according to any of Claims 27 

to 32 in which M represents the equivalent of a 
divalent ion of the formufa 
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C-S-(CH 2 )-S-C^ or 



NH 2 . NH 2 



^C-NH-(CH 2 ) C -NH-C^ 



2 



NH 2 NH 2 

where c is an integer from 2 to 20. 

42. A compound having the formula 

M00 2 S-S-x'-S-S0 2 M 

where X* represents a Cg_ 16 alkylene radical and M 
represents lithium or potassium, or an equivalent 
of magnesium, calcium, barium, zinc, nickel or cobalt, 
which compound may also contain water of crystal! i sation. 

43. A compound having the formula 

M00 2 S-S-x'-S-S0 2 M 

where X' represents a C g _ 16 alkylene radical and M 
represents a N-tert(C 4 _ 12 al kyl )-N-benzy 1 ammoni urn ion, 
and N(4-phenylaminophenyl )-N-(C 3 _ 12 sec-alkyl )ammonium 
ion, or a 2 ,2 ,4-trimethyl -1 ,2-di hydroqui no! i ni urn ion, 
or the equivalent of an ion having the formula 

R 2 ftH 2 -A-fiH 2 R 2 

2 

where A represents a para-phenyl ene radical and each R 
represents a C 3 _ 1Z sec-alkyl group, or the equivalent of 
an ion having the formula 
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C-S-(CH 2 ) C -S-C 

where c is an integer from 2 to 20. . 

44. A compound according to Claim 42 that is 
hexamethylene bis (thiosul phate) nickel sal tor a hydrate 

thereof. 

45. A compound having the formula 
M00 2 S-S-X f -S-SO M 

i 

where X represents a radical 

-(CH 2 ) c -C00{CH 2 ) a - 

where c represents an integer from 3 to 8, c represents 
an integer from 3 to 1 2 and M represents sodium or an 
equivalent of magnesium, barium, 2inc, cobalt or nickel, 
which compound may also contain water of crystal! isation. 
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